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Cowan  (p.  824),  on  the  basis  of  a  statis¬ 
tical  analysis  of  patients’  reaction  after  use 
of  Xylocaine  anesthetic,  concludes  that  most 
dentists  use  excessive  dosages  of  local  anes¬ 
thetics.  He  has  prepared  a  suggested  table 
of  dosages  for  various  procedures  and  hints 
that  manufacturers  should  provide  smaller 
carpules.  This  example  of  clinical  research 
should  encourage  others. 

Sallay  (p.  840)  investigated  the  perio¬ 
dontal  condition  of  155  adults  with  cyanosis 
due  to  acquired  cardiac  disease  and  found  a 
correlation  with  alveolar  atrophy  starting  in 
the  region  of  the  mandibular  first  inci.sors. 
In  a  second  group,  33  individuals  of  3  to  28 
years  with  congenital  cardiac  defects,  al¬ 
veolar  atrophy  was  observed  .u  24  of  25 
exhibiting  cyanosis.  The  condition  resembled 
periodoiiiotfis.  While  some  have  questioned 
the  existence  of  periodontosis  as  an  entity, 
this  study  indicates  a  relationship  between 
periodontal  disease  and  cyanosis,  and  Wiener, 
Karshan,  and  Tenenbaum  (p.  875)  suggest 
its  relationship  with  hormonal  disbalance. 
These  may  be  among  the  numerous  systemic 
factors  which  reduce  the  reparative  and 
maintenance  ability  of  the  periodontium. 
Some  prefer  to  consider  this  as  a  factor 
in  production  of  disease,  others  consider  it 
a  disease  entity. 

The  potential  value  of  a  filling  material 
capable  of  bonding  to  tooth  surfaces  is  un¬ 
questionable.  While  no  such  materials  are 
yet  available  for  use  in  the  mouth,  the  search 
for  them  in  institutional  and  commercial 
lal)oratories  holds  promise.  Buonocore,  Wile- 
man,  and  Brudevold  (p.  846)  found  that 
acid  etching  of  dentin  surfaces  before  appli¬ 
cation  doubled  the  adhesion  of  materials 
(possibly  by  increased  mechanical  adapta¬ 
tion)  and  have  developed  a  resin  which,  in 
vitro,  offers  possibilities  of  “bonding.”  As 
the  studies  continue  in  many  laboratories,  we 
can  hope  for  useful,  bonding  types  of  restora¬ 
tive  materials. 

Mucoceles  usually  are  descril)ed  as  reten¬ 
tion  cysts  lined  by  epithelium  and  caused  by 


ductal  obstruction.  Bhaskar,  Bolden,  and 
Weinmann  (p.  852)  first  attempted  to  pro¬ 
duce  mucoceles  by  ligating  the  salivary  gland 
ducts  of  mice.  Even  after  9%  months  no 
mucoceles  were  produced  but  glandular 
changes,  other  than  retention  cysts,  were  ob¬ 
served.  In  a  companion  study  Bhaskar, 
Bolden,  and  Weinmann  (p.  863)  severed  the 
salivary  ducts  in  100  animals  (mice  and 
rats)  and  produced  mucoceles  in  8  instances. 
The  mucoceles  were  not  lined  by  epithelium, 
as  was  also  true  for  most  mucoceles  they 
examined  from  human  subjects.  The  muco¬ 
celes  were  of  2  types,  large  cystic  cavities 
and  numerous  microcysts.  This  contribution 
to  the  pathology  of  mucoceles  offers  some 
new  concepts  and  emphasizes  the  value  of 
the  correlated  experimental  and  morphologic 
approach  to  pathology. 

Weiner,  Karshan,  and  Tenenbaum  (p.  875) 
investigated  the  ovarian  function  (as  judged 
by  vaginal  smears  and  temperature)  of  33 
females  with  periodontosis.  The  severity  of 
the  periodontosis  varied  from  slight  to  severe. 
Of  the  19  females  with  ‘  ‘  good  ’  ’  ovarian 
function,  8  had  slight,  7  moderate,  and  4 
severe  periodontosis.  At  the  other  end  of 
the  scale,  of  the  6  females  with  poor  cycles 
(1  only  13  years  old),  and  inovulatory,  1 
had  slight,  1  moderate,  and  3  severe  perio¬ 
dontosis.  There  appears  to  be  some  corre¬ 
lation  but  certainly  not  any  definite  relation¬ 
ship.  At  the  same  time,  oral  and  vaginal 
smears  were  studied  simultaneously  in  16 
females,  of  whom  11  showed  good  corre¬ 
spondence  and  5  none.  As  one  might  expect, 
the  ovarian  hormonal  cycle  may  be  reflected, 
to  some  degree,  by  changes  in  the  oral  epi¬ 
thelium,  but  the  relationship  often  is  in¬ 
definite. 

Meredith  and  Hopp  (p.  879)  utilized  the 
opportunity  for  a  longitudinal  dental  study 
in  77  children  enrolled  in  a  long-term  re¬ 
search  program.  The  dental  arch  widths 
were  measured  bn  casts  made  at  4,  6,  and 
8  years  of  age.  They  confirmetl  the  impres¬ 
sion  that  the  maxillary  arch  is  wider  than 
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tlie  mandiliular  (3.1  nini.),  found  that  the 
male  arch  is  wi<ier  than  tlie  female  arch  (1.9 
mm.),  and  that  the  andi  is  wider  (1.7  mm.) 
at  8  than  at  4  years.  The  maxillary  arch  is 
slifrhtly  more  variable  than  the  mandibular. 
Th(*re  was  considerable  individual  variation. 

A  correlation  between  the  cuspal  and  pala¬ 
tal  inclines  of  the  teeth  and  the  inclined 
plane  of  the  glenoid  fossa  has  Ijeen  postu¬ 
lated  and  used  in  descriptions  of  functional 
relationship.  Koyoumdjisky  (p.  890)  de- 
vi.sed  a  measuring  instrument  for  these  planes 
and  utilized  it  on  10  skulls.  Her  findings, 
w'hile  not  conclusive,  show  much  more  sug¬ 
gestion  of  a  relationship  between  the  palatal 
imdined  planes  of  the  upper  anterior  teeth 
and  the  glenoid  fossa  plane  than  that  of  the 
occlusal  planes  of  posterior  teeth  and  the 
fossa’s  slope.  The  results  indicate  a  definite 
need  for  a  more  expanded  study  in  order  to 
support  or  reject  the  theory. 

(loose  (p.  9((2)  measured  the  first  maxil¬ 
lary  incisor  and  devised  an  index  to  indi¬ 
cate  its  variation.  It  is  suggested  that  meas¬ 
urements  on  this  tooth  may  l)e  used  to  study 
genetic  factors  in  relationship  to  the  denti¬ 
tion. 

Sainsbury  (p.  909)  e.xamined  the  teeth  of 
5-year-old  children  for  caries  and  for  struc¬ 
tural  defects  and  plotted  these  findings 
against  the  temperature  at  the  time  of  their 
births,  a  year  of  great  seasonal  variation. 
Some  significant  correlation  is  suggested  for 
deciduous  teeth.  This  type  of  study  may  well 
Ik*  extended  to  isolated  groups  in  other  re¬ 
gions  and  caries,  structure,  and  weather  at 
time  of  gestation  evaluated  for  both  perma¬ 
nent  and  de<*iduous  teeth. 

Ramnarine  and  Altin.sel  (p.  914),  in  a 
brief  screening  study,  found  indications  that 
oxytetracycline  (Terramycin)  applied  at  the 
concentration  of  250  mg.  per  cubic  centimeter 
of  solvent  may  be  effi*ctive  in  sterilizing 
carious  dentin.  The  study  should  be  sup¬ 
ported  by  clinical  investigations. 

The  nerve  supply  to  teeth  appears  to  be 
a  subject  that  should  have  lieen  firmly  estab¬ 
lished  many  years  ago.  However,  much  of 
the  published  material  was  descriptive  on  the 
basis  of  a  few  spwimens  rather  than  on  the 
results  of  investigations  on  a  reasonably 
large  numl«;r  of  skulls.  McDaniel  (p.  91(5) 
studied  the  nerve  distribution  to  the  maxil¬ 
lary  teeth  in  50  <le<ralcified  skulls.  The  pos¬ 
terior  superior  nerve  had  1  to  3  branches 


distributed  in  a  45:30:25  per  cent  ratio. 
Only  15  per  cent  of  the  specimens  showed 
the  so-called  classical  description  for  the  mid¬ 
dle  superior  dental  nevre  and,  while  the  an¬ 
terior  superior  dental  nerve  most  frequently 
was  “classical”  in  distribution,  36  per  cent 
of  the  skulls  showed  branches  to  the  premolar 
teeth.  Almost  half  of  the  specimens  had 
superior  dental  plexuses.  The  findings  ex¬ 
plain  some,  reactions  to  local  anesthetics  and 
some  problems  in  diagnosis  of  pain  in  the 
premolar  region. 

Shafer  and  Muhler  (p.  922)  have  demon¬ 
strated  a  relationship  between  thyroid  gland 
function,  as  controlled  experimentally,  and 
salivary  gland  histology.  A  previous  study 
of  theirs  had  shown  that  thyroid  administra¬ 
tion  reduced  rat  caries  and  that  thiouracil 
increased  dental  caries  in  the  rat.  These  ex¬ 
periments  strongly  suggest  that  the  thy¬ 
roid  influences  dental  caries  in  the  rat 
through  salivary  gland  influences.  It  is  in¬ 
teresting  that  fluoride  administration,  often 
suggested  as  having  an  influence  on  thyroid 
function,  did  not  affect  the  salivary  glands 
in  these  studies. 

Irving  (p.  930),  from  study  of  the  reac¬ 
tion  of  the  enamel  organs  of  the  continuously 
erupting  incisors  of  rats  fed  high  levels  of 
cod  liver  oil  or  hake  liver  oil  with  and  with¬ 
out  L  tocopherol,  and  from  comparisons  with 
n*8ults  of  reactions  of  the  enamel  organ  in 
animals  under  influence  of  other  toxic  sub- 
stance.s,  has  concluded  that  the  enamel  or¬ 
gan  of  continuously  erupting  teeth  varies 
from  point  to  point  in  its  sensitivity  to  dif¬ 
ferent  toxins  and  in  its  nutritional  require¬ 
ments.  Translated  into  terms  of  human  teeth 
this  might  indicate  that  any  given  toxic 
substance  or  nutrient  may  affect  enamel 
formation  differently  if  given  at  different 
times,  or  that  different  substances  may  af¬ 
fect  it  differently  at  the  same  time. 

The  antibacterial  action  of  fluorides  has 
been  reported  by  several  authors.  Shiota 
(p.  939)  tested  various  concentrations  (50 
to  500  p[>m)  of  sodium  fluoride  against  20 
homofermentative  strains  and  20  hetero- 
fermentative  strains  of  lactobacilli.  There 
was  a  variation  in  the  resistance  of  the  dif¬ 
ferent  strains  to  fluorides  but,  in  general, 
they  fall  into  3  groups.  As  the  pH  of  the 
media  was  lowered,  the  effectiveiu'ss  of  the 
sodium  fluoride  was  reduced.  The  possible 
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selectivity  of  sodium  fluoride  may  account 
for  failure  to  reduce  salivary  lactobacillus 
counts  with  fluorides,  although  caries  may 
be  inhibited. 

The  Proceedings  of  the  British  Division 
of  the  International  Association  for  Dental 
Research  are  included  on  page  947.  The 
qualitative,  as  well  as  the  quantitative,  im¬ 
provement  is  most  commendable.  The  in¬ 


creasing  dental  research  around  the  world 
re-emphasizes  the  ever  present  need  for  a 
large  outlet  for  dental  research  publications. 

The  expanding  activities  of  this  group 
deserve  our  praise  and  congratulations.  The 
variety  of  interests  and  thorough  investiga¬ 
tions  are  indicative  of  the  expanding  ef¬ 
forts  in  dental  research. 

H.  B.  G.  R. 


A  CLINICAL  EVALUATION  OF  XYLOCAINE  ANESTHESIA 
ADRIAN  COWAN,  M.B.,  B.Ch.,  B.Dent.Sc.  (U.Dubl.),  F.D.S.R.C.S.  (ENGLAND) 
Eoyal  College  of  Surgeons,  Duhlin,  Ireland 


XYLOCAINE  («D-Diethylamino-2,6-dimethylacetanilide)  resulted  from  the 
experiments  of  Erdtmann  and  Lofgren.  Their  work  paved  the  way  for 
Lofgren  and  Lundquist  to  produce  the  anesthetic  in  1943,  and  the  first  dental 
reports  based  on  5,000  injections  were  published  by  Bremer,  Ekmanner,  Pers- 
son  and  Strondberg.^  It  was  claimed  that  Xylocaine  is  superior  to  procaine 
and  Monocaine  in  anesthesia,  penetration  of  the  jaw  was  very  rapid,  and  side 
reactions  minimal.  Gruber®  compared  Xylocaine  with  procaine  and  found  the 
former  more  selective  for  sensory  nerves,  thus  reducing  motor  involvement, 
while  Hanson  and  Hingson”  used  Xylocaine  intravenously  in  large  amounts 
for  labor  and  delivery,  and  abdominoperineal  surgery  without  complications. 

Bjorn  and  Huldt,^  in  1947,  devised  an  electrical  method  for  measuring 
efficiency  of  an  anesthetic  agent.  Stimulating  the  incisal  tip  of  a  tooth  with 
an  electrode,  they  measured  the  pain  threshold  before  and  after  injection  by 
varying  a  rheostat.  They  compared  Xylocaine  and  procaine  in  concentrations 
of  0.5  to  4.0  per  cent  for  a  standard  dose,  and  Huldt,^^  in  1953,  extended  the 
study  .further,  examining  concentrations  rather  than  dosage. 

Thexton,  AVishart,  and  Baxendine,’®  in  1950,  analyzed  250  Xylocaine  in¬ 
jections  and  suggested  a  maximum  dose  of  2  ml.  (34  minims)  for  jacket  crowns 
and  surgical  work,  and  a  minimum  of  15  minims  for  submucous  infiltrations 
for  such  work  as  pulp  extirpation.  Ofstad"  pointed  out  that  calculation  of 
dosage  of  medicaments,  and  of  their  toxic  doses,  is  related  to  body  weight. 
Data  derived  from  animal  experiments  corrected  by  clinical  observation  fur¬ 
nish  a  very  insecure  basis  for  estimating  a  safe  dose  for  human  patients. 

It  is  highly  probable  that,  largely  due  to  a  desire  to  assure  rapid  and 
effective  anesthesia,  the  average  dosage  of  anesthetic  for  dental  treatment, 
especially  in  simple  infiltrations,  is  greater  than  necessary,  and  that  there  is 
need  for  a  guide  to  dosage  in  everyday  procedures. 

This  investigation  was  undertaken;  (1)  to  establish  from  a  clinical  stand¬ 
point,  whether  or  not  Xylocaine  is  sui)erior  to  procaine  as  a  local  anesthetic ; 
(2)  to  assess  accurately  the  onset  times  for  each  anesthetic  agent  in  various 
regions  of  the  mouth;  (3)  to  investigate  whether  any  relationship  exists  between 
dosage  and  site  on  one  hand,  and  duration  and  extent  on  the  other;  and  (4) 
to  demonstrate  from  the  data  collected,  dosage-time  regression  lines  for  each 
agent,  and  to  e.stablish  statistical  confidence  limits  for  time,  given  various 
dosages. 

Received  for  publication  Jan.  10,  1955.  Revised  by  author  Nov.  11,  1955. 
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METHODS  AND  MATERIALS 

A  group  of  300  patients  was  examined,  eases  being  taken  at  random,  except 
where  the  iiossibility  of  identical  work  on  each  side  of  the  mouth  for  control 
purposes  presented  itself. 

A  total  of  329  injections  was  administered,  160  procaine,  169  Xylocaine,  the 
treatment  being  routine  work  in  all  regions  of  the  mouth.  No  patient  received 
any  information  whatever  about  the  nature  of  the  anesthetic  being  used,  and 
was  merely  asked  if  he  would  cooperate  in  a  timing  survey.  All  injections  were 
made  by  myself. 

Agents. — Two  solutions  were  used  throughout:  (1)  Xjdotox  (2  per  cent 
with  Adrenalin  ^o.ooo  (a  proprietary  brand  of  o)-diethylamino-2,6-dimethyl- 
acet anilide  manufactured  in  Great  Britain),  and  (2)  procaine  (2  per  cent  with 
Adrenalin  Ho.ooo-  Information  was  recorded  on  special  forms  with  columns  for 
the  various  data  contained  in  later  tables. 

Assessment. — Onset  times  were  measured  from  the  moment  of  insertion  of 
the  needle  until  the  appropriate  manifestation  of  anesthesia  for  that  region,  thus 
taking  into  consideration  injection  time  ( 10  to  30  seeonds). 

Actual  onset  was  noted  in  stages :  (1)  infiltrations:  (a)  gingival  anesthesia 

over  tooth  involved,  and  (b)  operative  anesthesia;  (2)  mental  block:  (a)  lip 
anesthesia,  and  (b)  operative  anesthesia;  (3)  mandibular  block:  (a)  tongue 
anesthesia,  (b)  lip  anesthesia,  and  (c)  operative  anesthesia.  Where  lip  or 
tongue  was  involved,  the  firet  symptom  of  tingling  or  numbness  w'as  recorded 
as  onset.  Operative  anesthesia  meant:  (1)  elimination  of  all  sensitivity  from 
a  cavity  which  had  been  painful  to  probing  or  drilling.  Probing  was  carried  out 
first  where  possible,  and  as  soon  as  it  eeased  to  hurt,  drilling  was  commenced. 
If  further  sensitivity  was  encountered,  the  time  was  measured  up  to  the  point 
where  that  was  eliminated.  (2)  Extractions  were  measured  to  painless  applica¬ 
tion  of  forceps  and  rocking  of  the  tooth,  and  surgieal  procedures  to  elevation  of 
periosteum. 

Anatomical  extent  w’as  determined  by  stroking  the  gingiva  wdth  a  sharp 
probe  after  operative  onset  time  was  established.  For  obvious  reasons  the  test 
was  only  for  gingival  anesthesia,  and  it  has  been  expressed  in  units  similar  to 
those  used  by  Angle  in  his  orthodontic  classification.  A  unit  is  the  average 
mesiodistal  diameter  of  a  premolar  [7  mm.  (Sicher)]  and  the  measurement  was 
applied  whether  or  not  all  teeth  were  present.  One  molar  =  2  units. 

Duration  was  measured  to  the  nearest  15  minutes  on  the  patient’s  observa¬ 
tion. 

Side  effects  such  as  pallor,  sweating,  dizziness,  thready  pulse,  or  actual  faint¬ 
ing  were  recorded  if  they  occurred,  and  a  watch  was  also  kept  for  later  reactions 
such  as  pain,  at  the  anesthetic  site,  headache,  and  prolonged  anesthesia. 

The  vast  majority  of  treatments  were  fillings,  since  the.v  offered  best  means 
of  comparison  and  timing,  but  other  treatments  included  pulp  extirpation, 
jacket  crown,  and  inlay  preparations,  extractions  (simple  and  surgical), 
apicectomy,  gingivectomy,  and  surgical  treatment  of  cysts. 
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The  degree  of  anesthesia  was  based  on  the  patient’s  reaction  to  probe  or 
drill.  The  following  classification  was  used : 

+1  gingiva  only, 

+2  slight  reduction  of  pain  for  drilling,  or  application  of  forceps, 

+3  oecasional  twinges  during  drilling.  Pain  on  roeking  tooth  in  ex¬ 
traction,  and 
+4  complete  anesthesia. 

All  Xylocaine  cases  gave  +4  anesthesia,  but  as  all  proeaine  did  not,  a  time 
limit  to  allow  a  +3  to  become  +4  was  adopted.  It  was  called  “maximum  im¬ 
provement  time”  and  is  noted  on  the  various  procaine  tables.  It  is  based 
upon  a  reasonably  practical  clinical  working  time  in  each  group. 

Group  I.  Infiltrations:  using  0.25,  0.5,  0.75,  1.0,  and  1.5  ml. 

Group  II.  Mental  blocks:  using  0.25,  0.5,  0.75,  1.0,  1.5,  and 
1.75  ml. 

Group  III.  Mandibular  blocks :  using  2.0  ml. 

Group  Patients  with  work  carried  out  on  one  side  of  the  jaw 
with  procaine,  and  on  the  same,  or  the  other  side,  closely  similar  work 
with  Xylocaine.  Except  for  the  0.25  ml.,  the  same  number  of  injections 
were  recorded  for  each  agent. 

Statistical  comparisons  were  made,  in  the  first  place,  directly  for  each  type 
of  injection  given,  and  secondly,  the  over-all  findings  were  re-examined  under 
the  headings  common  to  all  the  group. 

Group  I  is  the  largest  group  (87  Xylocaine,  68  proeaine)  and  eovers  con¬ 
siderable  dosage  range  for  analysis.  Unfortunately  exact  details  of  each  in¬ 
jection  and  the  work  done  have  had  to  be  omitted  for  space  reasons,  but 
similar  details  are  shown  in  the  other  tables. 

STATISTICAL  REPORT  OX  FIGURES  OBTAINED  CUNICALLY 

Group  /.  Infiltrations. — Statistical  methods  were  applied  to  investigate 
from  the  onset  and  operative  time  figures,  and  the  dosages:  (1)  the  relation 
between  do.sage  and  time  (T)  from  insertion  of  needle  to  operative  ane.sthesia, 

(2)  the  dispersal  of  these  T’s  around  the  mean  value,  separately  for  eaeh  drug, 

(3)  the  mean  values  of  the  T’s  for  both  drugs  and  whether  it  can  be  claimed 
that  one  drug  becomes  operative  sooner  than  the  other,  and  (4)  confidence 
limits. 

Average  onset  times  (operative):  The  averages  for  Xylocaine  suggest 
that  the  onset  times  for  dosages  less  than  0.75  ml.  are  higher  than  for  dosages 
of  0.75  ml.  or  more.  The  Student  t-test  was  applied  to  cheek  the  significance  of 
the  figures,  and  the  probability  that  the  difference  in  means  of  16"  or  more 
could  have  arisen  through  sampling  errors  was  approximately  10  per  cent. 
It  cannot  therefore  be  stated  conclusively  that  the  average  onset  time  for  low 
dosage  is  higher  than  for  greater  dosages,  but  when  it  is  remembered  that  on¬ 
set  time  for  dosage  less  than  0.25  ml.  tends  to  infinity  it  is  reasonable  to  infer 
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Table  I 

Average  Operative  Onset  Times  in  Minutes  and  Seconds 


NO.  OF 

CASES 

DOSAGE  IN  ML. 

1  XYLOCAINE  1 

PROCAINE 

X. 

P. 

0.25 

1'34" 

( Average 

— 

20 

— 

0.50 

1'23" 

j  1'29" 

3'19" 

21 

21 

0.75 

1.0 

I'lO"' 

1'14" 

1  Average 
[  1'13" 

3'58" 

3'14" 

6 

36 

6 

36 

1.5 

1'15" 

2'48" 

4 

5 

Totals 

87 

68 

Grand  average  (Xylocaine)  I'2I"  (operative) 

17"  (gingival) 

Grand  average  (procaine)  3'17"  (operative) 

44"  (gingival) 


as  follows:  Onset  time  decreases  as  dosage  increases,  up  to  0.75  nil.,  and 
thereafter  remains  constant.  Further,  the  increase  in  onset  time  for  lower 
dosages  is  not  significant  as  compared  with  the  effect  of  the  drug. 

The  procaine  results  were  also  analyzed  (Analysis  of  Variation  technic) 
but  no  significant  evidence  of  dosage-onset  time  was  established. 

Dispersal  of  T’s  around  mean  value:  The  data  allows  estimates  of  the 
variances  (variance  =  square  of  standard  deviation)  of  the  times  of  procaine 
and  Xylocaine  to  be  made  for  dosages  of  0.5  ml.  and  upward.  These  were 
found  to  be  2291"  and  6134",  respectively  and  were  tested,  using  the  Snedecor 
F.  Distribution  Tables,  to  find  whether  they  indicate  that  Xylocaine  variance 
is  “significantly”  lower  than  procaine  variance.  On  entering  the  tables  with 
the  ratio  of  the  2  variances  it  can  be  said  with  98  per  cent  confidence  that  the 
true  procaine  variance  is  at  least  IV2  times  greater  than  that  for  Xylocaine. 

Mean  values  of  T’s:  Xylocaine  mean  T  was  1'  21",  and  procaine  counterpart 
was  3'  17".  A  modified  Student  t-test  showed  that  the  probability  of  sampling 
errors  was  1  chance  in  1,000.  Similarly  Xylocaine  mean  T  [F  29"  for  an  average 
dosage  of  0.38  ml.  (0.25  to  5.0)]  is  significantly  less  than  procaine  mean  T, 
based  on  an  average  dosage  of  0.86  ml. 


Table  II 


LIMITS  FOR  AVERAGE  T 

APPROXIMATE  UPPER  * 

DRUG 

AVERAGE  T 

(98%  CONFIDENCE) 

LIMITS  OF  T  ( 

Xylocaine 

1'21" 

1'8"  -1'34" 

3'25"  * 

Procaine 

3'17" 

2'50"-3'45" 

7'10"  1 

Using  the  results  from  the  3  analyses,  confidence  belts  were  estimateil  for 
each  drug  for  average  T’s,  and  the  approximate  figures  for  the  upper  limits  of 
T.  The  figures  based  upon  average  dosage  of  0.86  ml.  are  shown  in  Table  II. 


Table  III 


DRUG 

DOSAGE 

(ML.) 

MEAN  ONSET  | 

TIME 

LIMITS  FOR  MEAN  j 
ONSET  TIME 
(98%  CONFI¬ 
DENCE) 

EXTREME  ONSET 

TIME 

Xylocaine 

0.25-0.5 

r29" 

1'8"  -1'50" 

3'40" 

0.75-1.5 

1'13" 

57"-l'29" 

3'5" 

Procaine 

0.5  -0.75 

3'27" 

2'47"-4'6" 

6'50" 

1.0  -1.5 

3'11" 

2'32"-3'50" 

6'15" 

I 


y 


Procaine 
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A  breakdown  to  show  the  figures  for  dosages  of  less  than  0.75  ml.  and  greater 
than  0.75  ml.  is  shown  in  Table  III. 

Xylocaine  acts  more  quickly  than  procaine  (on  average  2  minutes  sooner) 
and  its  variations  from  average  are  considerably  less.  Fig.  1  shows  regression 
lines  for  the  2  drugs  for  time  (ordinate)  and  dosage  (abscissa). 

Group  II.  Mental  Blocks. — Group  II  (Xylocaine  29,  procaine  30),  like 
Group  III,  is  confined  to  a  specific  area  which  thus  permits  direct  comparisons 
to  be  made.  Detailed  data  are  again  omitted  for  space  reasons,  but  the  condensed 
data  are  given  in  Table  IV. 


Tabi.k  IV 
Operative  Times 


DOSAGE 

xylocaine 

PROCAINE 

CASES 

X.  1  P. 

0.5  ml. 

1'34" 

3'44" 

8 

12 

1.0  ml. 

1'47'' 

3'16" 

12 

12 

(»ran<l  Average 

1'42"  (operative) 

3'30"  (operative) 

39"  (lip) 

48"  (lip) 

By  methods  similar  to  tho.se  applied  for  Group  I,  statistical  eonfidenee 
limits  were  established  (Table  V). 


Table  V 


LIMITS  POR  AVERAGE  T 

APPROXIMATE  UPPER 

DRUG 

AVERAGE  T 

(98%  CONFIDENCE) 

LIMIT  OF  T 

Xylocaine 

1'40" 

1'12"-2'12" 

4-0" 

Procaine 

3'30" 

2'40"-4'10" 

7'30" 

The  same  relationship  betw'een  the  two  drugs  is  maintained  for  the  slightly 
longer  onset  times  obtaining  in  this  injection.  Xylocaine  acts  more  rapidly,  its 
variations  around  average  times  are  less,  and  its  dosage  is  relatively  unimportant. 

Group  III.  Mandibular  Blocks. — Mandibular  blocks  (Xylocaine  50,  pro¬ 
caine  50)  are  regarded  as  the  most  important  because  experience  shows  that  this 
injection  produces  more  anesthetic  variations  in  jiractice  than  any  other.  A 
sharp  contrast  is  apparent  in  the  resjiective  findings,  and  although  it  is  not  pos¬ 
sible  to  include  details,  ap])lieation  of  the  same  test  as  for  the  data  in  Group  1 
produced  the  figures  in  Table  VI. 


Table  VI 

Mandibular  Bixicks 


1 

LIMITS  >X)R  AVERAGE 

APPROXIMATE  UPPER 

1  AVERAGE  ONSET 

TIME  1 

OPERATIVE  TIME 

LIMITS  FOR 

DRUG 

1  TONGUE  1 

LIP  1 

OPERATIVE 

(98%  CONFIDENCE) 

OPERATIVE  T 

Xylocaine 

1'36" 

2' 14" 

4'30" 

3'50"-5'10" 

8'30" 

Procaine 

2'36" 

2'58" 

7'18" 

6'18"-8'18" 

14'27" 

Various  combinations  of  lip  and  tongue  times  were  collated  in  order  to  dis¬ 
cover  whether  there  was  any  relationship  between  them  and  operative  time,  or 
whether  any  indication  as  to  when  operative  time  would  ensue  could  be  derive<l 
in  advance  clinically  from  lip  and/or  tongue  times,  but  no  such  relationship 
could  be  established. 
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DISCUSSION 

Onset  Times. — It  is  opportune  to  explain  why  so  much  stress  has  been 
placed  on  the  exact  measurement  of  onset  times  from  the  time  of  needle  in¬ 
sertion.  It  was  obvious  at  an  early  stage  that  Xylocaine  was  so  rapid  acting  that 
in  cases  when  operative  time  is  effective  in  less  than  1  minute,  injection  time  must 
be  considered  since,  as  it  will  vary  directly  with  the  amount  used,  it  cannot  be 
disregarded  as  a  constant  which  will  not  affect  the  final  figures. 

Thus,  while  the  slower  procaine  times  would  absorb  injection  times,  it 
would  be  impossible  to  draw  up  a  comparative  graph  for  Xylocaine  which 
would  show  time-dosage  relationships  without  this  information.  Another  re¬ 
sult  will  be  that  onset  figures  will  differ  from  those  set  out  in  other  reports, 
lijorn  and  Huldt®  describe  “analgesia  latency”  which  they  define  as  “the 


PROCAINE 


KYLOCAiNE 


S  to  IS 

Dosage 

1. — Regression  lines  for  procaine  and  Xylocaine  for  time  (ordinate)  and  dosage  (abscissjO. 

time  in  minutes  between  the  end  of  the  injection  and  the  appearance  of  com¬ 
plete  analgesia.”  They  point  out  themselves  that  it  is  only  in  the  nature  of  a 
rough  estimate,  since  if  it  ended  in  50  seconds,  the  latency  was  recorded  as 
“0,”  while  65  seconds  gave  a  reading  of  “2.”  Hence  their  deduction  that 
analgesia  latency  is  not  statistically  different  between  Xylocaine  and  pro¬ 
caine  is,  in  these  circumstances,  hardly  feasible.  Likewise,  Thexton,  Wishart, 
and  Baxendine’®  give  only  round  figures  for  onset  times  (maxillary  infiltra¬ 
tion;  2  to  3  minutes,  mandibular  and  mental  block,  3  to  5  minutes  average). 
Dubin  and  Foner,®  in  1952,  in  a  short  survey  of  3,000  injections  of  Xylocaine 
(2  per  cent  with  Adrenaline  1/100,000)  found  satisfactory  anesthesia  in  every 
case  compared  with  a  failure  rate  of  20  per  cent  with  procaine  (Table  VII). 


The  block  induction  times  appear  a  little  optimistic  for  mandibulars,  and 
no  mention  is  made  of  injection  time,  but  it  is  noteworthy  that  they  record 
Xyloeaine  times  in  minutes  and  seconds,  and  procaine  in  a  much  wider  range. 

In  the  present  series  infiltrations  covered  the  widest  dosage  range  and, 
with  the  mental  blocks,  provided  the  material  for  the  time-dosage  graph  (Fig. 
1.)  The  primary  conclusion  from  these  figures  indicates  clearly  that  doses 
of  1.5  to  2.0  ml.  are  rarely,  if  ever,  required  for  Xyloeaine  infiltrations.  For 
average  treatment  (fillings,  extractions)  the  dose  appears  to  be  in  the  region 
of  0.75  ml.,  but  lower  dosages  still  are  adequate  for  2  adjacent  teeth.  The 
upper  third  molar  is  usually  a  simple  tooth  to  extract,  and  in  8  cases  an  at¬ 
tempt  was  made  to  find  the  fastest  time  from  insertion  of  needle  to  completion 
of  extraction  which  could  be  accomplished  with  0.5  to  1.0  ml.  of  Xyloeaine. 
It  was  found  possible  to  complete  the  total  operation  in  a  time  varying  from 
90  to  50  seconds.  The  0.25  ml.  infiltrations  with  Xyloeaine  were  also  interest¬ 
ing  since  the  onset  times  compare  favorably  with  procaine  dosages  of  1.5  ml. 
An  attempt  to  use  similar  dosages  of  procaine  was  a  complete  failure. 

Xyloeaine,  0.25  ml.,  appears  to  be  the  ideal  amount  for  a  single-rooted 
tooth  but  it  is  also  effective  in  bilateral  mental  blocks  (0.25  each  side)  for 
gingivectomy,  because  much  less  demand  on  anesthesia  is  involved  in  that 
treatment.  In  such  cases  the  shorter  duration  and  the  lessened  motor  effect 
are  most  gratifying. 

Yet  another  useful  result  of  this  dose  is  the  identification  of  the  causa¬ 
tive  tooth  in  neuralgic  pain  involving  2  or  more  adjoining  teeth  with  large 
restorations  in  the  upper  jaw.  An  injection  of  less  than  0.25  ml.  over  the 
apex  of  a  single,  or  between  the  buccal  apices  of  a  multirooted  tooth  will  pro¬ 
duce  anesthesia,  and  stoppage  of  the  pain  within  the  confidence  limits,  if  it 
derives  from  that  tooth  (1'8"  to  1'50").  Since  extent  is  limited  at  this  low 
dosage  (4  units)  the  onset  time  would  be  outside  the  confidence  limits  for  a 
neighboring  tooth. 

Mental  blocks  (Table  TV^)  also  presented  comparable  onset  times  as  the 
injection  is  easily  carried  out  with  accuracy  and  the  position  standardized. 
The  ratio  of  Xyloeaine  to  procaine  times  through  a  considerable  series  of 
dosages  remains  statistically  significant  at  2 :1. 

^landibular  block  failures  have  been  ascribed  to  errors  in  technic,  ramus 
contour,  aberrant  nerves,^  and  supplementary  innervation,  quite  apart  from 
inadequate  anesthetic  solutions. 

Jeffries^®  stated  that  the  lip  is  the  guide  to  anesthesia,  and  its  anesthesia 
is  followed  by  the  “easy  areas”  of  lower  4  to  8  in  that  order.  The  most 
difficult  part  to  anesthetize  is  the  mesiobuccal  quarter  of  the  molar,  the  re¬ 
maining  three-quarters  constituting  the  “easy  areas.”  Seldin  (quoted  by 
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Jeffries*^)  explained  that  the  fibers  traveling  the  greatest  distance  are  in  the 
central  core  of  a  nerv  e,  and  if  the  outer  fibers  receive  all  the  anesthetic  in  a  block, 
the  fibers  traveling  to  the  pulp  may  not  be  affected,  resulting  in  sensitivity.  Using 
procaine,  Jeffries  established  that  the  lip  was  usually  numb  in  4  minutes,  and 
where  molar  anesthesia  was  incomplete,  a  repeat  injection  of  1.0  ml.  would 
saturate  the  innermost  fibers. 

In  a  number  of  the  procaine  blocks  in  the  present  series,  +3  degree  re¬ 
ferred  to  this  “difficult  area,”  but  this  did  not  occur  with  Xyloeaine.  The 
indirect  technic  was  used  in  all  cases,  and  it  seems  likely  that  with  Xyloeaine  a 
fair  amount  of  latitude  in  positioning  the  needle  is  permissible  without  loss  of 
efficiency,  because  even  if  positioning  api)eared  less  than  perfect,  ane.sthesia 
always  developed. 


Fig’.  2. — Frequency  distribution  of  operative  onset  times  for  local  infiltration  of  procaine  and 

Xyloeaine. 

^lany  patients  receiving  Xyloeaine  for  the  first  time  volunteered  the  in¬ 
formation  that  onset  and  depth  of  anesthesia  were  more  rapid  and  profound 
than  with  previous  injections  (usually  procaine  or  Monocaine)  while  others 
who  had  been  receiving  Xyloeaine  regularly  invariably  expressed  surprise  at 
the  slow  onset  when  they  were  used  in  the  control  group  with  procaine. 
(Greatest  advantage  of  this  rapid  onset  is  that  it  brings  block  time  into  the 
time  range  of  infiltration.  Xyloeaine:  procaine  ratio  in  this  group  was  1.6:1. 

Fig.  1  shows  almost  parallel  lines  for  the  2  drugs,  and  one  may  assume  a 
rise  in  the  time  as  dosage  lowers  and  time  increases,  more  marked  in  the 
lirocaine  line.  The  onset  figures  for  the  failed  procaine  anesthetics  were  in¬ 
serted  as  the  time  at  which  the  final  recorded  degree  first  developed,  although 
a  much  longer  delay  was  involved  clinically  to  see  if  any  late  improvement 
might  develop.  If  it  were  possible  to  incorporate  this  information  in  Fig.  1, 
the  disparity  between  the  2  lines  would  be  clearer. 
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Fig.  2  shows  the  frequeney  distribution  of  operative  onset  times  for  local 
infiltrations  for  both  drugs.  It  is  extracted  from  the  figures  for  all  the  dosages 
involved,  and  demonstrates  that  for  the  mean  time  of  r22"  (Xylocaine), 
vaiiation  is  very  slight,  and  onset  time  highly  predictable.  For  procaine  a 
much  rtatter  curve  develops  for  the  mean  time  (3'  15")  and  the  extreme  times 
are  not  only  longer  (minimum  time  corresponds  to  the  Xylocaine  mean) 
but  cover  a  much  wider  range  (5  minutes,  against  3  minutes  for  Xylocaine). 
Fig.  2  is  based  upon  an  equal  number  of  cases  for  both  drugs  and  direct  com¬ 
parison  is  permissible.  The  important  fact  emerges  that  time  variation  against 
dosage  is  extremely  slight  for  Xylocaine,  but  there  appears  to  be  an  improve¬ 
ment  up  to  0.75  ml.,  after  which  higher  dosages  for  infiltration  do  not  affect 
onset  times.  Comparistm  of  over-all  onset  times  is  expressed  by  the  ratio 
procaine  to  Xylocaine  of  2.5:1. 

Extent. — The  extent  of  anesthesia  was  only  measured  for  gingival  anes¬ 
thesia,  but  where  additional  fillings  were  inquired  in  neighboring  teeth  under 
infiltration,  the  extent  with  Xylocaine  was  always  greater. 

Huldt  and  Hjorn^  give  the  following  figures  where  injections  were  made 
over  the  second  incisor: 

First  Incisor  Second  Incisor  Canine 
2  per  cent  Xylocaine  100  %  100  %  75.6% 

2  per  cent  pi-m-aine  78.5%  56.7%  13.5% 

Xylocaine :  procaine  ratio  for  all  three  teeth  together,  is  5 :1.  Extent  in  this 
region  of  course  is  limited  by  the  cross  fibers  at  the  midline,  and  more  in¬ 
formation  might  be  obtaimnl  in  other  areas.  An  analysis  of  the  present  series  is 
shown  in  Table  VI II. 


Table  V 1 1 1 

Exte.nt  ok  .\.\esthe8Ia  (Maxili,a)  in  Units 


SITE 

1  2%  PUOCAINE 

'2% 

XYIAM’AINE 

1  1.0  ML.  1 

0.3  ML. 

1.0  ML 

.  1  0.5  ML. 

1. 

Needle 

iuserted  over  8 

4.75 

3.5 

6 

4 

2. 

Needle 

inserted  over  7 

4.5 

3 

6 

6 

3. 

Needle 

inserted  over  6 

3.8 

4 

6 

6 

4. 

Needle 

inserted  l»etween  67  or  78 

4.6 

— 

7 

— 

5. 

Needle 

inserted  over  4  or  5 

3 

3 

4.3 

4 

6. 

Needle 

inserted  over  3 

5 

3 

3 

4 

7. 

Needle 

inserted  over  i 

3 

3 

3 

3 

Except  when  limited  by  the  fauces  {78)  or  midline  (f-2),  spread  may  be 
taken  as  being  equidistant  mcsially  and  distally  from  the  injection  point. 
.Maximum  figures  occur  for  the  molar  region  because  the  looser  tissues  allow 
greater  diffusion  and  also  because  of  the  numerous  bony  foramina  which 
promote  absorption. 


Figures  for  the  mental  blocks: 


l>rocame 


138 

32 


=  4.31  units,  and 


Xylocaine 


175 

32 


5.46  units. 


A  difference  of  approximately  the  width  of  one  premolar  was  observed. 
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Figures  for  the  mandibular  blocks :  procaine  ZrZ  =  9.28  units,  and 

50 

497 

Xylocaine  =  9.94  units. 
oO 

A  diflFcrence  of  about  one-half  a  premolar  was  observed. 

Xylocaine  is  hardly  affected  by  a  drop  from  1.0  to  0.5  ml.,  but  the  change 
with  procaine  is  marked.  In  both  cases  the  greatest  drop  occurs  in  8  and 
3  areas  (Table  YIII).  Fig.  3  shows  regression  lines  for  dosage/extent  for  both 
anesthetics  from  the  over-all  statistical  analysis,  and  the  effects  are  summarized 
in  Table  IX. 


•S  lO  IS 

JiOSAQE 


Fig.  3. — Hegressiun  lines  for  dusage/extent  for  procaine  and  Xylocaine  from  over-all  statistical 

analysis. 

Variation  of  extent  with  dosage  was  established  by  Analysis  of  Var¬ 
iance,  and  the  longer  extent  (for  equal  dosage)  of  Xylocaine  was  verified 
by  the  Student  t-test.  A  considerably  lower  quantity  of  Xylocaine  than 
procaine  will  produce  an  equal  extent. 

Degree  of  Anesthesia. — Even  for  single  teeth  the  degree  of  anesthesia 
for  0.25  ml.  infiltrations  of  jirocaine  was  so  poor  that  the  controls  had  to 
be  abandoned.  Since  no  Xylocaine  injwtion  produced  a  degree  of  less 
than  +4,  an  attempt  was  made  to  relate  thost'  Xylocaine  eases  which  had 
shown  a  slower  onset  time  than  the  statistical  averages,  to  procaine  injec¬ 
tions  showing  less  than  +4  degree.  There  was,  however,  no  evident  con¬ 
nection  betwwn  work  done,  or  tooth  treated,  or  surface  treated  for  any 
area  or  dosage,  and  inadequate  pro<*aine  depth  of  anesthesia. 

Procaine  failures  ar«‘  in  the  region  of  30  p**r  cent  in  this  stuies,  a  higher 
rate  than  that  quotwl  by  Tainter**  (20  per  cent),  who  lused  a  similar 
solution,  or  Bjorn  and  iluldt,*  and  Uubin  and  Fraser,®  who  confirm  his 
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figun*.  It  is  partly  explained  by  the  fact  that  even  when  the  work  could 
he  done  in  +3  cases,  with  only  a  small  amount  of  pain,  it  was  recorded  as 
a  failure.  Allied  to  this  is  Iluldt’s  observation  that  procaine  is  usually 
regarded  as  being  satisfactory  in  everyday  use  because  much  larger  doses 
of  luocaine  are  generally  used  in  practice.  Doses  of  the  order  of  0.25  to 
0.75  ml.  as  used  in  this  series  do  not  appear  in  other  reports  w'here 
procaine  was  employed. 


Table  IX 

Exte.vt  of  Anesthesia  vs.  Dosace 


I)O.SAGE  (ML.) 

1  DKCG 

XYLOCAINE  UNITS  | 

PROI'AINE  UNITS 

1.5 

7.2 

5.0 

1.0 

5.6 

4.3 

0.5 

5.3 

3.0 

0.25 

4.0 

— 

Xylocaine  produces  . 

a  higher  degree  of  anesthesia 

in  all  dosages  than 

the  jirocaine  equivalents. 

and  the  0.25  ml.  injection  is 

equivalent  to  4  to  6 

times  that  dose  of  procaine  (Table  XII).  From  the  detailed  figures  of 
infiltrations,  the  most  readily  anesthetized  tooth  appears  to  be  the  upper 
liremolar. 

Duration. — It  is  more  important  that  duration  should  outlast  operative  pro¬ 
cedure  than  that  the  slight  iihysical  discomfort  of  extended  anesthesia  for  an 
hour  or  2  longer  should  be  eliminated,  and  both  anesthetics  tend  toward  that 
goal. 

The  local  infiltration  ca.ses  were  examined  statistically  to  t(*st  the  effect  of 
drug  and  dosage  on  duration,  and  the  results  are  summarized  in  Table  X. 


I.O 

0.75 

0.5 

0.25 


T.\ble  X 

Effei'T  of  I)os.vge  on  Di  ration 


.5  hrs.  b  nun. 
2  hrs.  45  min. 
2  hrs.  20  min. 
2  hrs.  28  min. 
1  hr.  43  min. 


2  hrs.  15  min. 
1  hr.  46  rain. 
1  hr.  42  min. 


bURATION 

IKISAGE  (ML.) 

XYIAX'AINE  i  PROCAINE 

The  slight  di.serepaney  in  the  U.5  ml.  dose  in  Xylocaine  may  be  accounted 
for  by  the  fact  that  there  was  a  larger  number  of  these  cases,  and  their  varia¬ 
tion  was  slightly  greater.  In  any  event,  it  is  evident  with  both  agents  that 
duration  decrea.se.s  as  do.sage  decreases.  It  is  noted  that  Xylocaine  decreases 
very  .slightly  down  to  0.5  ml.,  but  considerably  with  0.25  ml. 

Mandibular  block  times  (jirocaine  3  hours,  Xylocaine  3Y>  hours)  compare 
with  the  figures  of  Hjorn  and  Iluldt,  whose  timing  was  more  accurately 
carried  out  on  dental  students.  A  feature  of  its  end  point  is  that,  with 
Xylocaine,  numerous  patients  coiiiiuented  on  its  sudtlen  disappearance.  After 
slight  reduction  in  inten-sity  it  goes,  “One  minute  it’s  there,  the  next  it’s 
gone.  ’  ’ 
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Motor  Nerve  Involvement. — Drooping  of  either  lip  is  seen  in  anterior  injec¬ 
tions  due  to  loss  of  motor  control,  and  it  is  a  troublesome  side  effect  which,  in 
spite  of  warnings,  still  leads  to  biting  of  the  lip.  When  a  low  dosage  of 
Xylocaine  is  employed,  however  (0.5  to  0.25  ml.)  the  reduction  in  lip  involve¬ 
ment  is  very  noticeable,  and  this  can  be  best  estimated  by  observing  women 
patients  reapplying  lipstick  after  completion  of  treatment. 

The  explanation  of  the  reduced  motor  effect  lies  largely  in  the  reduced 
amount  of  anesthetic  available  for  the  motor  nerve  with  these  small  doses,  but 
Gruber,®  who  evaluated  the  motor  involvement  with  mental  blocks,  believed  that 
Xylocaine  shows,  in  addition,  greater  selectivity  for  sensory  nerves. 

Support  for  this  ^^ew  is  forthcoming  in  the  present  series  where  it  explains 
the  high  degree  of  success  in  mandibular  blocks  even  where  technic  left  some¬ 
thing  to  be  desired  for  one  reason  or  another.  For  example  one  case  showed 
normal  mandibular  block  time  although  the  nerves  had  been  grossly  displaced 
by  a  large  dental  cyst.  In  addition  a  block  of  Meckel’s  ganglion  was  in¬ 
advertently  produced  while  giving  a  simple  tuberosity  infiltration  with  1.0  ml., 
although  the  needle  was  only  inserted  about  12  mm.  and  must  have  been  a  con¬ 
siderable  distance  from  the  ganglion. 

Pulse  Rates. — Pulse  rates  were  noted  before  and  after  every  anesthetic  that 
was  given,  but  the  variation,  such  as  it  was,  was  most  irregular.  So  many 
other  factors,  mainly  psychic,  operate  in  this  sphere  that  one  cannot  draw’  any 
conclusions  of  value. 

Toxic  Effects. — There  w’ere  few  toxic  effects  with  either  drug,  but  when 
they  did  occur  they  were  distressing  for  the  patient,  and  time  consuming  and 
often  w’orrying  for  the  operator. 

With  Xylocaine,  nausea  occurred  in  2  cases  (one  a  child),  pain  at  the 
anesthetic  site  in  3  cases,  and  prolonged  anesthesia  in  2  mental  blocks  where, 
almost  certainly,  injection  had  been  directly  into  the  nerve.  Tw’o  patients 
with  history  of  anesthetic  sensitivity  were  injected  with  Xylocaine  with  no 
ill  effects  w’hatsoever. 

Gruber,®  commenting  on  the  comparative  toxicity  of  Xylocaine,  quoted 
the  work  of  Goldberg,  who  calculated  its  absolute  toxicity  as  1.5  to  4.0  Gm. 
subcutaneously.  He  also  showed  that  up  to  8  per  cent  Xylocaine  had  no 
iri-itant  effect  on  the  rabbit  cornea. 

Gordh^  described  2  cases  of  overdosage  in  human  surgical  patients,  both 
of  w’hom  responded  to  treatment.  The  doses  w’ere  of  the  order  of  150  ml.  of 
2  per  cent  Xylocaine  (for  paravertebral  block  and  th*)racoplasty,  respectively). 
In  each  case,  stupor  with  clonic  .si)asms  of  the  face,  extremities,  and  respira¬ 
tory  muscles  set  in.  Intravenous  jiareosis  with  5  per  cent  Narkotal  plus 
oxygen  inhalation  produced  immediate  relief. 

Since  this  series  was  prepared,  the  writer  has  seen*  1  severe  case  of 
Xylocaine  toxicity.  A  patient  was  referred  for  completion  of  a  failed  extrac¬ 
tion  of  I  7,  attempted  the  day  before.  He  was  in  considerable  pain  and  a  nerve 
bl(K*k  of  2  ml.  of  Xylo<*aine  (with  %«>.aoo  Adrenalin)  was  given.  Anestlu'sia 
was  normal  in  onset,  and  profound,  but  after  a  flap  had  been  retleeted  and 
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bone  removal  commenced  the  patient’s  color  was  seen  to  change,  and  he  be¬ 
came  ash-gray  and  pulseless,  with  very  shallow  respirations.  Almost  im¬ 
mediately  after  this,  convulsive  spasms  began  in  the  arms  and  legs,  and  he 
became  momentarily  unconscious.  Simple  measures  for  shock  were  intro¬ 
duced,  and  then  he  was  removed  to  hospital  where  the  operation  was  later 
completed  under  general  anesthetic.  The  case  is  reported  only  to  describe 
the  convulsive  attack  combined  with  shock  which  would  make  the  administra¬ 
tion  of  stimulants  dangerous. 

With  the  foregoing  information  established,  a  short  series  of  cases  con¬ 
stituting  Group  IV  was  examined,  wherein  direct  comparison  was  made  in 
the  same  mouths. 


Table  XI 

Direct  Comparison  on  Same  or  Opposite  Sides  of  a  Patient  of  Procaine  2%  and 

Xylocaine  2% 


case 

AMOUNT 

1  WORK  j 

ONSET 

DURA-  1 
TION 

NO. 

ANESTHETIC  | 

(MU)  1 

1  GUM 

1  OPERATIVE 

(HRS.) 

DEGREE 

394 

Proeaine 

1.0 

4046  1 

1' 

3'30" 

1% 

+4 

Xylocaine 

1.0 

1  4»4'' 

30" 

1' 

2 

+4 

398 

Procaine 

1.0 

I 

1' 

7' 

1% 

+3 

Xylocaine 

1.0 

8»7o”>7»d 

6">6“d  1 

30" 

3' 

2 

+4 

447 

Procaine 

0.5 

3  1  ” 

30" 

5'30" 

2 

+3 

Xylocaine 

0.5 

1  2-* 

10" 

2'30" 

2 

+4 

43 

Procaine 

1.0 

I'W 

Lip 

1'50" 

Opfrativi 

2' 

1 

+3 

Xylocaine 

'  1.0 

4'5'  1 

30" 

45" 

2 

+4 

305 

Prwaine 

0.5 

[T» 

25" 

4'30" 

2 

+2 

Xylocaine 

0.5 

4  1» 

10" 

1' 

IVj 

+4 

93 

Proitaine 

2.0 

1  8”7'> 

Tongue 

3' 

Lip 

3'20" 

Op(  ra- 
tirr 
5'30" 

3 

+4 

Xylo<'aine 

2.0 

6"4'  1 

1'20" 

2'20" 

3'30" 

4 

+4 

335 

Procaine 

2.0 

1  7"'7”8» 

2'55" 

3'20" 

9'50" 

2 

+4 

(same 

side) 

Xylwaine 

2.0 

1  5»5d6» 

1' 

2' 

3' 

3 

+4 

358 

Procaine 

2.0 

7080  1 

1'50" 

2'30" 

5'50" 

.3  Vi 

+4 

Xylwaine 

2.0 

1  7»8» 

r.30" 

2'30" 

3'15" 

3 

+4 

Iluldt  showed  an  efficiency  rate  of  97  per  cent  with  %o,ooo  Adrenalin, 
90  per  cent  with  ^oo,ooo»  and  65  per  cent  with  ^/4.%o,ooo,  so  the  effect  of  this 
drug  upon  the  anesthetic  mu.st  not  lie  ignored.  If  a  dose  of  0.5  ml.  Xylocaine 
with  Adrenalin  %o,ooo  is  equivalent  to  a  dose  of  1.5  ml.  procaine  with  Adrenalin 
^4o,ooo.  not  only  is  the  volume  of  the  injection  reduced  to  %,  but  the  actual 
amount  of  Adrenalin  is  only  that  of  the  procaine  dose. 

While  this  is  not  of  medical  importance  in  the  vast  majority  of  cases, 
and  is  regarded  as  a  “calculated  risk,’’  the  odd  case  where  a  heart  condition 
has  not  been  diagnosed,  or  where  hypersensitivity  exists,  may  occur,  and  the 
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danger  may  suddenly  be  magnified.  Every  year  one  reads  of  the  rare  case  of 
collapse,  or  even  death  from  such  a  cause,  and,  as  Gordonoff*  has  noted: 
“Most  of  the  general  reactions  observed  in  the  use  of  procaine- Adrenalin 
solutions  are  undoubtedly  due  to  the  Adrenalin,  and  many  unpleasant  re¬ 
actions  could  assuredly  have  been  avoided  if  smaller  Adrenalin  addition  had 
been  employed.  ’  ’ 

It  is  axiomatic  that  the  less  Adrenalin  used,  the  less  the  danger.  \Vood““ 
records  the  alarming  increase  in  the  rate  of  coronary  disease  in  these  islands, 
and  also  the  lowering  of  the  age  group  affected.  The  possibility  of  un¬ 
diagnosed  angina  is  remote,  but  he  described  one  form  which  is  accompanied 
by  syncopal  symptoms  with  loss  of  consciousness,  so  that  the  patient  cannot 
appreciate  pain,  and  therefore  may  be  unaware  of  the  gravity  of  his  condi¬ 
tion.  In  such  a  case,  for  instance,  too  much  Adrenalin  could  easily  have 
fatal  results.  But  even  without  these  rarer  examples,  surely  it  is  common  sense 
that  the  minimum  dose  which  will  provide  adequate  anesthesia,  minimal  side 
effects,  motor  nerve  involvement,  and  minimum  duration  after  completion 
of  treatment,  with  its  attendant  accidental  trauma  to  soft  tissues,  is  the  ideal 
dental  requirement.  It  remains  only  to  hint  to  the  manufacturers  that  a  1.0 
ml.  cartridge  would  save  considerable  wastage  and  expense. 

Table  XI  sets  out  exactly  comparable  work  on  each  side  of  the  mouth  in 
8  patients  using  procaine  on  one  side,  and  the  same  dosage  of  Xylocaine  on 
the  other.  The  onset  rates  of  between  2  and  3  to  1  are  in  conformity  with  the 
earlier  figures.  Lloyd  and  Blythe'^  compared  the  2  drugs  by  bilateral  injec¬ 
tion  in  a  similar  way  and  found  that,  on  average,  60  per  cent  of  the  procaine 
dose  was  adequate  to  produce  the  same  result  with  Xylocaine. 

In  Table  XII  the  data  from  4  more  patients  were  used  in  the  same  way  as 
for  Table  XI,  but  the  Xylocaine  dosage  was  reduced  in  an  attempt  to  find  the 
equivalent  which  would  produce  the  same  result  as  procaine.  The  figures 
suggest  that  the  Xylocaine  equivalent  is  well  under  one-half  of  the  procaine 
dosage. 

Table  XII 

Xylocaine-Procaine  Equivalents 


TYPE  OP 

i 

i 

INJECTION 

AND 

ONSET 

DURA- 

1. 

1 

ANES- 

AMOUNT 

OPERA- 

TREAT-  ’ 

TION 

1 

NO. 

THETIC 

(MENTAL) 

LIP 

TIVE 

MENT 

EXTENT 

(HOURS) 

DFXIREE  { 

1. 

Procaine 

1.0  ml. 

30" 

o' 

1  2-6  (5) 

2% 

Xylocaine 

0.5  ml. 

30" 

1'45" 

3'4'  1 

5-1  1  (5) 

2 

+4  1 

2 

Procaine 

1.0  ml. 

r 

3' 

|5* 

!  1-6  (6) 

o 

+4  1 

Xylocaine 

0.5  ml. 

45" 

I’lO" 

5*1 

6-11  («) 

2Vi 

Infiltra¬ 

tion 

(wum 

Opera¬ 

tive 

i 

3. 

Pro«‘aine 

1.25  ml. 

30" 

1'30" 

1  1*2*3* 

1  1-4  (4) 

2% 

-f4  1 

Xylocaine 

0.25  ml. 

10" 

1'45" 

2*3*  1 

2-4  1  (3) 

2¥j 

+4  r 

4. 

Procaine 

2.0  ml. 

15" 

3' 

1  O-T-'S” 

|4-7  (7) 

2% 

+4  j 

Xyl«H*aine 

0.25  ml. 

10" 

2'15" 

5'6-  1 

3-61  (4) 

2% 

+4  1 
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CONCLUSIONS 

It  is  no  part  of  this  work  to  deprecate  the  value  of  procaine,  which  should 
be  regarded  as  the  standard  drug  with  which  comparisons  have  been  drawn. 
There  has  been  complete  unanimity  in  the  literature  about  the  superiority  of 
Xyloeaine  to  this  standard,  and  it  remains  now  only  to  suggest  how  best  these 
advantages  might  be  utilized  in  dentistry. 

If  the  main  advantages  be  briefly  summarized  under  the  various  headings 
of  the  preceding  discussion,  the  following  information  is  clear. 


Procaine 

Xyloeaine 

1. 

Operative  onset  time 

Infiltrations 

3'  17" 

V  21" 

Mental  blocks 

3'  30" 

1'  42" 

Mandibular  blocks 

r  18" 

4'  30" 

2. 

Extent 

Infiltrations 

4  units 

5.5  units 

3. 

Duration 

Infiltrations 

2  hr. 

21/2  hr. 

4. 

Degree 

All  groups 

30%  failure 

— 

5. 

Effective  dosage  range 

Infiltrations  and 

mental  blocks 

1.5  to  2.0 

0.5  to  1  ml. 

(All  figures  are  averages.) 


Taking  these  statistical  figures  in  conjunction  with  the  individual  case  times 
analyzed,  the  information  obtained  in  Tables  XI  and  XII  and  the  time-dosage 
graph,  the  author  has  postulated  suitable  dosages  of  Xyloeaine  for  general  prac¬ 
tice  which  he  believes  are  more  suitable  than  those  in  general  use,  and  which 
have  been  found  adequate  in  every  way  by  him  in  the  course  of  well  over  12,000 
injections.  They  are  as  follows: 


0.25 

ml. 

(1) 

(2) 

(J) 

0.5 

ml. 

(1) 

(2) 

0.75 

ml. 

(1) 

1.0 

ml. 

(1) 

(2) 

(3) 

1.5 

ml. 

(1) 

1.5  to  2  ml. 

(1) 

Single  teeth,  especially  upper  premolai*s  ]  Routine 
Two  adjacent  upper  premolai"s  j  restorations 

Testing  for  cause  of  neuralgia 
(less  if  possible) 

r  (a)  molars 

Routine  restorations)  ,  .J  canines 

Routine  extractions  j  |  (c)  one  or  two 

[  incisors 

Mental  blocks 

Two-three  adjacent  upper  molars 
(routine  restorations) 

Single  rooted  teeth  fPulp  extirpation 

i  Jacket  or  %  crown 
[  preparations 

Infraorbital  block 

Surgical  extractions,  except  lower  molars 
Mandibular  blocks 


The  effect  of  the  smaller  dosage  on  duration  and  extent  has  already  been 
referred  to,  w'hile  in  regard  to  degree  of  anesthesia  and  onset  time  it  is  shown 
to  be  negligible.  The  smaller  dosage  should  reduce  i)ossible  toxicity. 
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SUMMARY 

1.  The  clinical  efficiency  of  2  per  cent  Xylocaine  with  %o,ooo  Adrenalin 
has  been  compared  with  standard  2  per  cent  procaine/ Adrenalin  in  a  series  of 
329  injections. 

2.  Statistical  data  obtained  from  the  3  main  groups  (local  infiltrations, 
mental  blocks,  and  mandibular  blocks)  show  that  Xylocaine  is  superior  to 
procaine  in  rapidity  and  onset,  depth  of  anesthesia,  and  extent,  and  that 
duration  is  greater.  It  was  further  shown  to  be  effective  in  very  much  lower 
doses  than  procaine. 

3.  The  relationship  between  dose  and  site  on  one  hand,  and  duration  and 
extent  on  the  other  was  investigated. 

4.  Confidence  limits  for  Xylocaine  dosages  in  all  regions  were  established 
with  98  per  cent  confidence  statistically,  and  graphs  to  indicate  time-dosage 
relationships  for  both  anesthetics  were  plotted. 

5.  Based  upon  these  data,  a  series  of  doses  lower  than  those  in  general 
use  for  everyday  dental  procedures  has  been  put  forward  to  reduce  still  more 
the  danger  of  toxicity,  and  the  duration  and  motor  effects  where  necessary, 
avoiding  mechanical  damage  to  the  tissues. 

Acknowledgments  are  made  to  Mr.  G.  M.  Rowe,  B.A.,  F.I.A.,  who  carried  out  the  statis¬ 
tical  tests  on  the  clinical  information  provided,  and  to  Miss  K.  Murray  for  her  assistance  with 
tlie  typescript. 
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PERIODONTAL  FINDINGS  IN  CYANOTIC  INDIVIDUALS 

C.  SALLAY,  M.D. 

Stomatological  Clinic  of  the  University  Medical  School,  Budapest,  Hungary 

IN  HYPOXEMIA  the  organism  attempts  to  improve  funetion  by  establishing 
adaptative  mechanisms.  In  the  hemopoietic  system  formation  of  erythro¬ 
cytes  and  hemoglobin  is  accelerated  and  in  the  tissue  oxygen  is  better  utilized, 
the  capillary  bed  is  dilated,  and  the  permeability  of  the  capillary  endothelium 
is  increased.  By  these  processes,  increase  of  the  hemoglobin  on  the  one  hand 
and  decrease  of  O2  saturation  in  the  circulating  blood  on  the  other  hand, 
cyanosis  that  becomes  manifest  first  of  all  in  the  acra  and  mucous  mem¬ 
branes^’  *'  ®  is  induced. 

In  chronic  cyanosis  clublike  deformation  of  fingers  and  toes  is  induced. 
The  anatomic  and  histologic  structure  of  the  ungual  phalanx  displays  a 
.striking  similarity  to  that  of  the  gingiva  in  that  terminal  arteries  are  found 
in  both  and  both  are  devoid  of  subcutaneous  (submucous)  layers.  For  this 
reason  the  gingiva  may  be  regarded  as  one  of  the  acra  and  behaves  like  these. 
In  diseases  with  acral  lesions,  gingival  lesions  are  common.  In  Burger’s  dis¬ 
ease  (thromboangiitis  obliterans),  Raynaud’s  gangrene,  endangiitis  obliterans, 
scleroderma,  and  vascular  disturbances  of  childhood  (infantile  acrodynia, 
aero-osteolysis,  etc.)  atrophy  of  the  periodontium  is  a  constant  symptom.®’  *’  ®’  ® 
These  diseases  display,  among  others,  the  common  symptom  of  acral  cyanosis. 
In  these  disea.ses  cyanosis  is  of  peripheral  origin,  due  to  lesions  of  capillaries 
and  arterioles.  Cyanosis  of  central  origin  is  seen,  on  the  other  hand,  in  cardiac 
insufficiency  in  persons  with  septal  defects  of  the  heart  or  by  insufficient 
oxygenation  of  the  blood  in  the  lungs. 

Periodontal  findings  were  recorded  in  2  groups  of  patients  with  cyanosis 
of  central  origin,  viz.  (1)  in  adults  suffering  acquired  cardiac  disease,  and  (2) 
in  children  suffering  with  congenital  vitium. 

One  hundred  and  fifty -five  adults,  between  20  and  70  years  of  age,  were 
studied.  They  had  cardiosclerosis,  valvular  heart  disease,  carditis,  or  arterial 
hypertension.  The  duration  of  the  cardiac  disease  varied  between  2  months 
and  35  years.  In  75  per  cent  of  these  patients  alveolar  atrophy  was  observed. 
The  gingiva  was  rather  livid  in  color,  more  cyanotic  than  inflamed.  Atrophy 
of  the  gingiva  and  the  alveolus  occurs  syncronously.  No  deep  pockets  are 
formed.  In  the  majority  of  patients,  where  the  atrophy  was  not  complicated 
by  intercurrent  gingival  inflammation,  it  started  in  the  region  of  the  lower 
first  incisors  and  remained  most  marked  in  this  region.  Gingival  atrophy  of 
this  region  is  characteristic  first  of  all  in  young  adults  with  otherwise  intact 
dentitions  (Fig.  1).  The  atrophy  is  aggravated  by  intercurrent  gingivitis  or 
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occlusal  trauma.  With  progress  of  age  and  of  cardiac  disease  the  severity  and 
extension  of  periodontal  atrophy  increases.  There  were  no  marked  differences 
as  to  the  type  of  cardiac  disease  in  relation  to  the  alveolar  atrophy.  Since  the 
duration  of  the  cardiac  disease  increased  with  progressing  age,  these  two 
phenomena  could  not  be  regarded  separately  (Table  I). 


Fig.  1. — Female  of  21  years.  Diagnosis:  Vitium  cordis  decompensatum.  Initial  periodontal 
atrophy  in  the  midline  of  the  mandible. 


Fig.  2. — Girl  of  8 Vi  years.  Diagnosis:  Fallot's  tetralogy.  Severe  periodontal  atrophy  adjacent 
to  the  right  upper  decidous  canine  and  molars  (not  included  in  Table  11). 

Thirty-three  persons  suffering  from  congenital  vitium  were  examined. 
Their  ages  ranged  from  3  to  28  years.  Twenty-five  displayed  cyanosis.  In 
the  8  free  of  cyanosis  the  erythrocyte  counts  and  hemoglobin  values  were  near 
normal.  In  their  gingiva  no  cyanosis,  no  inflammation,  and  no  atrophy  was 
observed.  In  some  of  this  group  rampant  caries  was  observed,  mostly  due  to 
excessive  sugar  intake.  Among  the  25  persons  with  cyanosis,  atrophy  was 
observed  in  24.  The  gingivae  are  cyanotic,  edematous,  and  swollen.  The 
progress  of  atrophy  is  equal  in  the  soft  tissues  and  alveolar  process,  thus, 
clinically,  the  picture  of  periodonto.sis  is  seen  without  pockets.  A  hyper¬ 
plastic  gingivitis  was  found  in  one  patient  only.  Gingival  inflammation  is 
rather  mo(^erate,^eing  restricted  to  the  marginal  region.  In  some  cases  a 
severe  atrophy  is  seen  in  the  deciduous  dentition  (Fig.  2).  In  these  cases. 
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Table  I 

Occurrence  of  Periodontal  Atrophy  by  Patients  Suffering  on  Acquired  Cardiac 

Disease  According  to  Age 


AGE 

1  20-30 

1  30-40 

1  40-50 

I  50-60 

[60-70 

1 

Number  of  patients 
Patients  with  atrophy 

22 

26 

40 

46 

21 

sum  total :  155 

(per  cent) 

50 

70 

83 

80 

87 

average:  74.8 

the  atrophic  process  starts  in  the  lower  incisor  region  and  progresses  with 
age.  In  the  stage  of  mixed  dentition  a  more  severe  atrophy  is  seen  in  the 
region  of  the  deciduous  molars  than  about  the  permanent  incisors,  due  to  the 
more  prolonged  exposure  of  the  former.  When  personal  oral  hygiene  is 
neglected,  soft  debris  is  deposited  on  the  denuded  necks  of  the  teeth.  The 
degree  of  atrophy  displays  a  parallelism  with  the  degree  of  cyanosis.  In 
normal  childhood,  especially  in  the  deciduous  dentition,  periodontal  atrophy  is 
rare.  Neither  gingivitis  nor  occlusal  trauma  induces  periodontal  atrophy  in 
normal  children.  It  seemed  worthwhile  to  examine  the  juvenile  group  more 
thoroughly,  since,  in  children  with  cyanosis,  periodontal  atrophy  is  beyond 
any  doubt  related  to  their  cyanosis.  In  contrast  to  the  clublike  thickening  of 
the  ungual  phalanx  in  periodontium  atrophy  occurs.  This  different  reaction 
in  the  2  acral  regions  might  be  due  to  some  local  factors.  In  15  patients  of 
this  group  the  kallikrein  level  in  the  saliva  was  examined.  Kallikrein  is  a 
comstant  and  stable  organic  constituent  of  the  saliva,  belonging  to  the  group 
of  the  so-called  II  substances^  and  is  found  in  all  mammals.  Kallikrein  is 
produced  by  2  types  of  glands,  by  the  pancreas  (associated  with  intact  Lange r- 
hans  islets)  and  by  the  salivary  glands.  Kallikrein  is  secreted  on  the  one 
hand  into  the  blood  and,  on  the  other  hand,  through  the  glandular  ducts  into 
the  small  intestine  and  oral  cavity,  respectively. 

Like  other  H  substances,  kallikrein  acts  as  a  depressor  of  the  blood  pres¬ 
sure.  The  permeability  of  capillary  walls  is  increased  by  kallikrein.  It  is 
found  con.stantly  in  an  inactive  stage  in  the  circulating  blood.  If  injected 
intravenously,  an  abrupt  fall  of  the  blood  pressure  is  induced  but  kallikrein 
becomes  inactivated  within  a  few  seconds  by  a  substance  contained  in  the 
blood  and  the  normal  blood  prcs.sure  is  re-established.  By  this  effect  the 
kallikrein  content  of  different  body  fluids  may  be  measured.  The  salivary 
concentration  is  lower  in  young  that  in  senile  individuals.  In  periodontosis 
the  kallikrein  level  of  the  .saliva  is  uniformly  high,  irrespective  of  age.^ 

Of  the  15  persons  with  congenital  vitium,  4  displayed  no  or  only  a  very 
slight  cyanosis  (Table  II).  In  these  4  persons  the  gingiva  was  pale  and  not 
atrophic.  The  kallikrein  level  in  the  saliva  was  normal.  In  the  saliva  of 
persons  with  cyanosis  a  higher  level  of  kallikrein  was  found  than  physiologie- 
ally  present,  except  in  two  patients.  One  patient  (15)  was  in  very  desperate 
condition  when  examined  and  died  within  a  few  days.  Patient  11,  who  had 
marked  gingival  hyperplasia,  had  approximately  normal  salivary  kallikrein 
level  in  spite  of  the  severe  cyanosis. 
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High  salivary  kallikrein  levels  are  not  unrelated  to  the  gingiva.  In 
histologic  specimens  of  the  gingiva  in  cyanotic  children  the  lack  of  hornified 
epithelial  layer  was  observed  (Fig.  3).  The  connective  tissue  papillae  were 
elongated  and  the  surface  of  the  epithelium  covered  by  cells  containing  nuclei. 
Kallikrein  may  exert  its  vasodilatatory  effect  through  the  nonhornified 
gingiva  and  through  slight  traumatic  lesions  in  the  pockets.  Similar  to  the 
increased  permeability  of  the  vascular  wall  in  inflammation  due  to  histamine¬ 
like  substances  and  the  migration  of  leukocjlies  into  the  tissues,  an  extra v- 


KiB.  3. — Hoy  of  9  years.  DiaKnosis :  Fallot’s  tetralogy  (Pat.  No.  15  In  Table  II).  Cross  sec¬ 
tion  of  the  interdental  papilla  adjacent  to  the  right  upper  deciduous  canine. 

asate  is  formed  due  to  the  action  of  kallikrein  and  the  alveolar  limbus  be¬ 
comes  prepared  for  being  destroyed.  In  the  author’s  opinion  a  process  simi¬ 
lar  to  that  in  simple  gingivitis  occurs,  but  it  is  different  in  that  it  cannot  be 
successfully  managed  by  excluding  the  excitative  factor.  In  patients  with 
increased  salivary  kallikrein  levels  therapeutic  attempts  to  reduce  the  gingival 
inflammation  are  frustrated  since  the  increased  .salivary  kallikrein  level  acts 
continuously  as  the  exciting  factor. 

SUMM.VKY 

According  to  the  histologic  structure  and  behavior  under  pathologic 
conditions  the  periodontium  is  to  be  regarded  as  one  of  the  acra.  In  diseases 
of  the  other  acra  the  periodontium  is  affected  and,  because  of  its  special 
susceptibility,  sometimes  earlier  than  the  others. 
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In  peripheral  vascular  diseases  pathologic  changes  are  induced  in  the 
periodontium  and  in  all  other  aera  by  the  same  exciting  causes. 

In  patients  with  cyanosis  of  central  origin  the  kallikrein  level  of  the 
saliva  is  markedly  increased.  It  is  assumed  that  the  long-lasting  action  of  this 
increased  kallikrein  level  in  the  saliva  is  contributory  to  the  periodontal 
atrophy  observed  in  these  patients. 
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A  REPORT  ON  A  RESIN  COMPOSITION  CAPABLE  OF  BONDING  TO 
HUMAN  DENTIN  SURFACES 
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FIXN  BRUDEV’OLD,  M.S.,  D.D.S. 

Eastman  Dental  Dispensary,  Bochester,  N.  Y. 

IT  IS  generally  known  that  presently  available  filling  materials  have  no  appre¬ 
ciable  adhesion  to  tooth  structure  under  oral  condition.^'*  Restorative  mate¬ 
rials  capable  of  forming  strong  bonds  to  tooth  structure  would  offer  many  ad¬ 
vantages.  Resistance  and  retention  forms  in  cavity  preparation  would  be  less 
critical.  Such  a  material  could  be  used  in  sealing  pits  and  fissures  for  caries 
prevention  and  in  the  repair  of  incisal  fractures  without  the  need  for  cutting 
tooth  structure.  The  leakproof  cementation  of  bridges  and  inlays  would  be 
possible.  In  order  to  realize  these  and  additional  advantages,  we  directed  our 
efforts  toward  the  development  of  an  adhesive  filling  material.  The  results 
of  one  phase  of  our  work  are  presented  in  this  paper,  wherein  we  report  a 
series  of  in  vitro  experiments  demonstrating  a  resin  material  capable  of  forming 
strong  l)onds  to  dentin  surfaces. 

EXPERIMENTAL 

Qualitative. — In  order  that  our  laboratory  tests  might  relate  to  oral  condi¬ 
tions,  the  testing  of  materials  for  adhesion  to  tooth  structure  has  been  done  on 
what  we  call  “wet”  specimens,  i.e.,  dentin  or  enamel  surfaces  that  have  been 
stored  in  water  and  which,  prior  to  use,  are  thoroughly  wiped  with  an  absorbent 
material  and  further  dried  with  compres.sed  air  for  several  seconds.  This  method 
of  drying  we  feel  produces  a  condition  of  dryness  comparable  to  what  can  be 
safely  and  easily  attained  with  tooth  structure,  in  vivo.  In  our  initial  tests  we 
evaluated  most  of  the  available  acrylic  resin  materials.  In  screening  the  mate¬ 
rials  for  adhesion,  we  simply  allowed  a  small  amount  of  the  resin  mix  to  harden 
on  a  “wet”  tooth  surface.  Adhesion  was  evaluated  by  noting  the  resistance 
offered  by  the  material  to  removal  by  pressure  applied  with  a  sharp  instrument. 
The  results  of  these  preliminary  tests  indicated  that  with  one  exception  the 
acrylic  resin  materials  had  very  little  or  no  adhesion  to  “wet”  dentin  surfaces. 
The  adhesion  to  enamel  surfaces  was  excellent  for  all  the  resins  tested  but  on 
water  immersion  the  adhesion  was  destroyed  within  twenty-four  hours.  This 
increastsl  adhesion  is  probably  due  to  the  better  drying  attainable  with  enamel 
as  compared  to  dentin.  The  one  material  that  seemed,  at  lea.st  (jualitatively,  to 
produce  better  adhesion  was  the  Sevriton  filling  resin.  Although  better  results 
were  not  consistently  obtained,  it  was  felt  that  there  was  sufficient  improvement 
to  warrant  further  study  of  this  material. 

This  work  was  supported  by  the  Medical  Research  and  Development  Board  Office  of  the 
Hurg;eon  Oenerai,  Department  of  the  Army,  under  contract  No.  DA-49-007-MD-330. 
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As  commonly  obtained,  the  Sevriton  unit  consists  of  methylmethacr>datc 
monomer  and  polymer,  a  catalyst,  and  a  liquid  cavity  seal.  This  latter  material 
according  to  the  manufacturer’s  directions  is  to  be  applied  to  the  cavity  surface 
prior  to  the  insertion  of  the  acrylic  resin  mix.  The  catalyst  in  the  mix  sup¬ 
posedly  polymerizes  the  cavity  seal  liquid  to  a  hard  resin  which  adheres  to  the 
tooth  surface.  It  is  claimed  that  the  cavity  seal  liquid  contains  a  material  having 
a  special  affinity  for  tooth  structure  which  we  have  inferred  from  related  patent 
literature  to  be  a  glycerophosphorie  acid  dimethacrylate.  Our  analysis  of  the 
cavity  seal  indicates  that  it  contains  5  to  10  parts  of  the  phosphoric  acid  ester, 

5  to  10  parts  of  methacrylic  acid,  and  80  to  90  parts  of  methylmethacrylate 
with  perhaps  a  trace  of  methacr\’lic  anhydride.  In  our  tests  with  this  material 
we  noticed  that  when  good  adhesion  was  obtained  the  surface  of  the  dentin  or 
enamel  after  removal  of  the  hardened  acrj’lic  resin  was  always  dry.  Where 
poor  adhesion  was  obtained  the  tooth  surfaces  after  removal  of  the  acrylic  resin 
pre.sented  an  oily  appearance.  We  reasoned  that  the  applied  cavity  seal  liquid 
in  the  latter  cases  had  not  been  fully  polymerized  because  sufficient  catalyst  had 
failed  to  reach  it  from  the  superimposed  acrjdic  mix.  If,  indeed,  this  was  the 
case,  all  that  was  necessarj*  to  insure  adhesion  was  to  supply  sufficient  catalyst 
to  the  cavity  seal  liquid  to  cause  its  complete  polymerization.  This  could  be 
done  by  the  direct  addition  of  catalyst  to  the  cavity  seal  li(iuid  before  it  was 
applied  to  the  tooth  surface. 

After  some  preliminary’  tests  we  selected  a  mixture  that,  when  catalyzed, 
produced,  in  5  to  8  minutes,  a  hard  resin  that  formed  a  strong  bond  to  “wet” 
dentin  surfaces  and  which  had  excellent  resistance  to  water  immersion.  The 
mixture  consisted  of  the  following  ingredients  mi.xed  in  the  order  given:  (1) 
Sevriton  cavity  seal  liquid  0.400  Gm.;  (2)  Methylmethacrylate  imlymer  0.040 
Gm.  plus  2  per  cent  benzoyl  i)eroxide;  (3)  Methylmethaciylate  monomer  0.100 
Gm.;  and  (4)  Sevriton  catalyst  0.050  Gm.  In  place  of  the  Stwriton  eatalyst 
we  can  use  freshly  prepared  i)aratoluene  sulfinic  acid.  Although  the  resin  pro¬ 
duced  by  the  above  mixture  showed  excellent  a<lhesion  to  dentin,  it  had  the  dis¬ 
advantage  that  it  was  ijuite  brittle  and  g»*lled  rather  (juickly,  allowing  relatively 
little  handling  time.  Best  results  are  obtained  by  placing  the  mix  on  the 
tooth  surface  just  before  it  gels.  Although  the  resin  is  insoluble  in  eommon 
solvents  such  as  chloroform,  acetone,  alcohol,  etc.,  it  is  slightly  soluble  in 
methylmethacrylate  monomer.  (’onstMjuently  when  an  acrylic  mix  is  applitnl 
over  the  adhesive  resin,  a  gmal  bond  is  established  between  the  two  materials. 
In  this  fashion  conventional  acrylic  resins  can  be  lamded  to  tooth  structure 
using  the  adhesive  resin  as  an  interface. 

Quantitative. — Since  the  acrylic  resin  materials  could  be  laiuded  to  the 
adliTOive  resin,  we  were  able,  by  a  metluxl  develojjcd  in  our  laboratory,  to 
test  the  adhesion  of  the  latter  to  the  tooth  strueture.  In  these  te.sts  we 
us(*d  only  flat  dentin  surfac<'s  since  enamel  surfaces  in  the  large  amounts  re- 
•piired  were  difficult  to  obtain.  The  surfaces  were  prepare<l  in  the  following 
manner.  Teeth  were  eml)edde<l  in  plaster  bl(M*k.s  !*/>  inches  square  and 
ground  on  a  carborundum  wheel  of  Grit  No.  38AflO-18V^BK  to  expose  a  smooth 
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flat  longitudinal  surface  of  dentin  surrounded  by  plaster.  The  block  was  then 
further  ground  on  a  silicon  carbide  wheel  of  Grit  No.  37C80-MV  to  obtain 
a  smoother  surfaee.  These  blocks  were  stored  in  water  until  needed.  When 
ready  for  use,  the  blocks  were  wiped  with  an  absorbent  material  and  the 
dentin  surface  further  dried  with  compressed  air  for  a  few  seconds.  A 
inch  square  in  thin  aluminum  foil  which  had  a  5  mm.  diameter  hole  punehed 
in  the  center  was  then  fixed  over  the  dentin  surface  with  a  small  amount 
of  mueilage.  This  left  exposed  an  area  of  .dentin  corresponding  to  the  hole 
in  the  foil  to  .sene  as  the  test  surface. 

ADHESION  TO  UNTREATED  DENTIN  SURFACES 

EACH  POINT  REPRESENTS  AVERAGE  OF  10  TESTS 


This  area  of  <lcntin  was  then  covered  witli  a  layer  of  the  adhesive  resin 
mix  ranging  in  thickness  from  about  1  to  l^/j  mm.,  which  was  allowed  to 
harden.  Steel  tubular  matrices  having  only  one  open  end,  which  was  1  mm. 
in  diameter  larger  than  the  hole  in  the  foil,  were  filled  to  slight  excess  with 
a  mix  of  a  standard  acrylic  resin  filling  material.  The  exposed  part  of  the 
acrylic  was  then  placed  as  concentrically  as  i)ossible  over  the  hardened  adhesive 
and  pres.s<si  into  contact  using  finger  pressure,  (’ontrols  consisted  of  the 
acr\’lic  resin  similarly  applied  to  dentin  which  had  a  prior  application  of  a  1 
to  iy2  mm.  layer  of  standard  acrylic  filling  material  instead  of  our  adhesive. 
The  acrylic  resin  was  then  allowed  to  harden  and  the  assemblies  placed  in 
water  until  ready  for  tensile  testing. 
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The  adhesive  strength  of  the  bond  was  obtained  by  measuring  the  force 
in  kg./cm,*,  applied  at  right  angles  to  the  dentin  surface,  required  to  separate 
the  acrylic-matrix  combination  from  the  dentin  surface.  Readings  were  taken 
one  hour  after  placing  the  assemblies  in  water  and  at  intervals  up  to  three 
months, 

RESULTS 

The  results  are  shown  in  Fig.  1.  No  adhesion  was  obtained  with  controls. 
As  is  common  in  measurements  of  this  type,  we  found  that  our  results  showed 
a  fairly  wide  range  of  values.  The  percentage  mean  deviation  increased  in 

ADHESION  TO  ACID  TREATED  DENTIN  SURFACES 

(7%  HCI  I  Min) 


MONTHS  IN  WATER 

Fig.  2. 


size  with  longer  immersion  times.  The  greatest  loss  in  adhesion  occurred 
during  the  first  fifteen  days  after  which  time  it  .seemed  to  level  off.  It  was 
noted,  when  high  adhesion  figures  were  obtained,  that  a  large  portion  of  the 
adhesive  remained  attached  to  the  dentin.  This  indicated  that  the  break 
occurred  between  acrylic  and  adhesive  or  in  the  body  of  the  adhesive  layer 
rather  than  at  the  stronger  bond  between  adhesive  and  dentin.  In  the 
majority  of  cases  tested  after  one  month  in  water,  a  clean  break  occurred 
b(>tween  dentin  and  adhesive  indicating  that  the  bond  with  the  dentin  had 
been  considerably  weakened  by  water  action. 

Since  the  adhesive  composition  has  a  rather  low  pH,  almut  2.5,  it  was 
felt  that  it  may  have  caused  dis.solution  of  the  dentin  surface  and  enlargement 
of  the  tubules.  This  condition  would  favor  penetration  of  the  adhesive  mix 
or  its  components  into  the  dentin,  causing  the  adhesive  to  bi‘  mechanically 
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retained.  It  was  thought  that  perhaps  the  adhesion  of  the  standard  acrylic 
resins  applied  to  dentin  surfaees  might  be  similarly  increased  if  these  surfaces 
were  previously  acid  treated.  To  test  this  hypothesis  we  treated  dentin 
surfaces  with  one  drop  of  a  7  per  eent  IICl  solution  for  one  minute  prior  to 
application  of  the  standard  aerylic  resin  filling  material.  We  also  decided 
to  study  the  effect  of  this  acid  treatment  on  the  adhesion  of  our  adhesive  resin. 

The  results  are  shown  in  Fig.  2.  Acid  treatment  did  not  increase  the 
adhesion  of  the  ordinary  acrylic  resin.  The  adhesion,  however,  obtained  with 
our  adhesive  material  applied  over  acid-treated  surfaces  is  about  double  that 
obtained  on  untreated  dentin.  In  most  of  the  eases,  tested  during  the  first 
two  months,  large  portions  of  the  adhesive  remained  bonded  to  the  dentin. 
With  the  higher  readings  obtained  during  the  first  month,  usually  DO  per 
cent  of  the  surface  was  covered  with  the  adhesive  material.  The  loss  of 
adhesion  to  the  treated  surfaces  seems  to  be  more  gradual  than  with  the 
untreated  ones. 

DISCUSSION 

In  evaluating  the  results,  we  wish  to  emphasize  that  they  are  purely 
laboratory  findings  obtained  under  conditions  that  may  not  apply  in  the 
mouth.  To  date  we  have  .studied  extensively  only  the  effect  of  water  immersion 
on  the  adhesive  Ixind.  While  the  bond  has  given  a  good  performance  on 
water  immersion,  this  is  only  the  first  phase  of  its  evaluation.  On  the  basis 
of  other  preliminary  (jualitative  tests,  however,  the  outlook  for  the  bond  is 
favorable.  Many  of  the  adhesive-dentin  as.semblies  have  withstood  boiling 
water  for  as  long  as  one  hour  after  which  considerable  manual  force  was 
required  to  dislodge  the  adhesive.  The  bonds  seem  to  hold  up  quite  well 
when  subjected  to  hot  water,  cold  water  interchanges  for  one  hour.  The 
results  of  twenty-four-hour  dye  penetration  studies  are  also  quite  encouraging 
in  that  the  dentin  covered  by  adhesive  is  not  stained  although  the  resin  itself 
picks  up  dye.  It  is  our  opinion  that  the  glycerophosphoric  acid  dimethacrylate 
is  the  effective  bonding  agent  in  the  cavity  seal.  The  phosphate  group  in  this 
compound  seems  ideally  suited  for  chemical  combination  with  constituents 
of  the  dentin.  The  role  of  the  methaerylic  acid  in  establishing  adhesion, 
however,  cannot  be  discounted,  and  we  are  experimenting  with  this  material* 
to  determine  its  function. 

With  respect  to  the  mode  of  action  of  our  adhesive,  preliminary  histologic 
studies  of  the  bonded  area  show  a  marked  alteration  in  the  staining  reactions 
of  the  dentin  layers  adjacent  to  the  adhesive.  This  lends  support  to  the 
idea  that  chemical  reaction  may  have  occurred  between  the  organic  matter 
of  the  dentin  and  the  constituents  of  the  cavity  seal.  If,  indeed,  chemical 
combination  can  be  demonstrated  as  a  basis  for  the  adhesion  observed,  it  will 
represent  a  significant  development  in  our  attempts  to  bond  resin  materials 
to  tooth  structure. 

It  is  felt  that  our  approach  to  the  problem  of  bonding  resin  filling  materials 
to  tooth  structure  is  a  realistic  one  and  that  the  rc'sults  obtained  show  the 
possibility  of  bonding  these  materials  to  dentin  under  oral  conditions.  More 


Volume  35  RESIN  COMPOSITION  CAPABLE  OF  BONDING  851 

Number  6 

important  than  any  practical  clinical  aspects  at  this  time  is  the  possibility 
suggested  by  our  results  that  a  certain  chemical  structure  is  required  in  order 
to  obtain  adhesion  to  dentin.  If  this  point  can  be  established,  then  com¬ 
pounds  can  be  specifically  tailored  for  the  job  of  adhesion. 

SUMMARY 

1.  We  have  demonstrated  an  adhesive  acrylic  resin  material  that  bonds 
.strongly  to  “wet”  dentin  surfaces  of  extracted  teeth.  The  amount  of  adhesion 
can  be  approximately  doubled  by  an  acid  etching  of  the  dentin  surface  prior 
to  application  of  the  adhesive  resin. 

2.  The  bonds  show  good  resistance  to  water  immersion.  For  the  untreated 
surfaces,  initial  bond  strengths  of  28  kg./cm.“  are  reduced  to  15  kg./em.® 
after  three  months  water  immersion.  Initial  values  for  acid-treated  surfaces 
of  53  kg./cm.*  are  reduced  to  28  kg./cm.®  after  five  months  water  immersion. 

3.  The  possibility  is  suggested  that  the  bonding  is  due  to  chemical  com¬ 
bination  between  one  of  the  constituents  of  the  seal  and  the  organic  matter 
of  the  dentin. 
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EXPERIMENTAL  OBSTRUCTIVE  ADENITIS  IN  THE  MOUSE 

S.  N.  BIIASKAR,*  D.D.S.,  Ph.D.,  T.  E.  BOLDEN,  D.D.S.,  M.S.,**  AND 
J.  P.  WEINMANN,  M.D. 

Division  of  Oral  Pathology,  University  of  Illinois  College  of  Dentistry,  Chicago,  III. 

INTRODUCTION 

Experimental  obstruction  of  the  excretory  duct  of  submaxillary  and 
sublingual  salivary  glands  of  mice  was  produced  for  the  following  reasons : 
(1)  It  is  believed  that  the  mucoceles  are  caused  by  an  obstruction  of  the  ex¬ 
cretory  ducts  and  are  retention  cysts  lined  by  epithelium.^  It  was  therefore 
hoped  that  experimental  ligation  would  shed  some  light  on  the  pathogenesis 
of  mucoceles;  (2)  The  main  cause  of  the  inflammatory  changes  in  the  major 
and  minor  salivary  glands  is  believed  to  be  an  ascending  infection  from  the 
oral  cavity  or  less  freipiently  an  infection  via  a  hematogenous  route.  However, 
partial  or  complete  obstruction  of  the  excretorj’  duct  has  also  been  claimed  as  a 
contributory  factor.  Experimental  obstruction  of  the  duct  was  produced  to 
determine  whether  obstruction  per  se  can  lead  to  adenitis;  (3)  A  study  of  human 
obstructive  adenitis  showed  a  great  variety  of  histologic  pictures.  This  was 
interpreted  to  be  due  to  the  difference  in  the  duration  of  obstruction  in  different 
cases.  It  was  hoped  that  the  jiresent  experiment  would  establish  the  seipience 
of  events  which  would  explain  the  variety  of  histologic  features  seen  in  human 
obstructive  adenitis. 

REVU:W  OF  MTER.VTURK 

The  effect  of  ligation  on  the  .salivary  glands  has  been  studied  in  dog,^  *  rab¬ 
bit,"’  guinea  pig,^^  moase,^*"'*  rat,'®  and  man.®’ Although  the  duration  of 
experiment  and  the  number  of  subjects  varies  greatly,  the  results  of  these  ex¬ 
periments  may  be  summarized  as  follows:  (1)  Ligation  leads  to  dilatation,®’®’ 
8-10’  16  atrophy,'®’ '®’ '“  or  proliferation^’  "  of  the  ducts;  (2)  The  parenchymal 
cells  degenerate,®'"  atrophy,®’'®’'®’'®’'®’'®  or  decrease  in  amount;®  (3)  The 
intei-stitial  tissue  shows  neutrophilic  or  lympluK’ytic  or  other  cellular  infiltra¬ 
tion®’  ®’  ®’  ®’ '®’ '®  and  fibrosis.*’  "  Since  a  number  of  these  studies  were  at¬ 
tempted  either  to  establish  an  endocrine  function  of  the  salivary  glands®’  ® 
or  to  control  diabetes®’ the  histologic  description  of  the  affected  glands  is 
either  omitted®’  or  not  given  in  detail.  With  the  exception  of  one  study 
in  man  where  the  ligation  lasted  for  10  months  in  3  subjects,  the  longest 
postoperative  experimental  period  reported  is  113  days,®  and  the  majority 
of  studies  extended  from  7  to  90  days. 

This  investigation  was  supported  in  parts  under  Contract  W-49-007  MD  496  with  the 
Medicai  Research  and  Deveiopnient  Board  Office  of  the  Surgeon  General  of  the  United  States 
Army. 

Received  for  publication  March  11,  1955. 

•Present  address:  Armed  Forces  Institute  of  Pathology,  Washington,  D.  C. 

•♦Public  Healtli  Service  Research  Fellow  of  the  National  Institute  of  Dental  Research 
of  the  National  Institute  of  Healtli,  U.  S.  Public  Health  Service. 


\  olume  35 
Number  6 


EXPERIMENTAL  OBSTRUCTIVE  ADENITIS 


853 


In  none  of  the  investigations  has  the  formation  of  lesions  comparable  to 
human  mucoceles  been  reported.  In  spite  of  this  fact  it  is  surprising  that  the 
mucoceles  are  still  considered  to  be  retention  cysts. 

MATERIAL  AND  METHODS 

Thirty-one  6-month-old  female  mice  were  anesthetized  wdth  ether,  the 
submandibular  regions  were  shaved,  and  the  submandibular  groups  of  salivary 
glands  exposed  by  a  skin  incision.  The  right  submaxillary  duct  was  then 
dissected  out  from  the  surrounding  tissues  and  ligated.  The  covering  skin 
was  sutured.  Animals  were  sacrificed  at  1  (2),  2  (2),  and  3  (2)  weeks,  and 
at  1  (2),  21/2  (1),  3  (2),  4  (3),  41/2  (1),  5  (3),  51/2  (2),  7  (2),  9  (2),  and 
9I/2  (7)  months  post  operatively.*  The  recovered  glands  of  the  right  side  were 
fixed  in  10  per  cent  formalin  and  embedded  in  paraffin,  cut  serially  and  stained 
with  hematoxylin  and  eosin,  Van  Gieson,  Mayer’s  Mucicarmine,  and  erythro- 
sin-safranine.  The  glands  from  the  left  side  were  treated  similarly  except 
that  they  were  not  cut  serially. 


FINDINGS 

Normal  Suhmaxillary  and  Sublingual  Glands  of  the  Mouse. — The  sub¬ 
maxillary  and  sublingual  glands  lie  in  a  common  capsule  and  are  glands  of 
special  serous  and  mucous  types,  respectively.  There  is  no  agreement  whether 
these  glands  have  a  common  duct  or  separate  excretory  ducts.  The  excretory 
system  starts  with  the  intercalated  ducts  which  empty  into  the  intralobular 
and  finally  into  the  interlobular  ducts.  The  latter  join  to  form  the  major  duet. 

In  the  submojnllary  gland  the  major  duet  and  the  interlobular  ducts  are 
lined  by  a  single  layer  of  cuboidal  epithelium,  which  has  eosinophilic  cytoplasm 
and  a  round,  centrally  placed  nucleus.  The  intralobular  ducts  are  numerous 
(Fig.  1).  They  are  lined  by  pyramidal  or  columnar  epithelium,  the  coarsely 
granular  cytoplasm  of  which  is  deeply  eosinophilic.  The  round  or  ovoid  nuclei 
are  basally  placed,  the  cellular  outlines,  due  to  coarse  granules,  are  not  dis¬ 
tinct,  and  the  luminal  surface  of  the  cells  appears  frayed  (Fig.  1).  The  lumina 
of  the  intralobular  ducts  are  narrow.  The  intercalated  ducts  are  short  and, 
therefore,  in  histologic  sections  are  seen  infreiiuently.  They  are  lined  by  low 
cuboidal  cells,  the  cytoplasm  of  which  is  homogeneous.  The  acini  are  composed 
of  pyramidal  cells  with  vacuolated  basophilic  cytoplasm  and  a  round,  ba.sally 
placed  nucleus.  Lumina  of  the  acini  can  hardly  be  recognized.  Under  low 
power  the  lightly  basophilic  acini  lie  between  the  abundant,  more  striking  eosino¬ 
philic  intralobular  ducts.  Mucicarmine  stained  the  acinar  cells  n‘d  (Fig.  2), 
and  the  lining  cells  of  the  intralobular  ducts  very  pale  pink.  The  intercalated 
ductal  cells  did  not  stain.  Delicate  interstitial  connective  tissue  intervenes 
between  the  acinar  and  ductal  elements. 

The  sublingual  gland,  as  compared  to  the  siibmuxillary  gland,  shows  fewer 
and  less  striking  intralobular  duets.  All  ductal  elements  of  the  mucous  gland 
are  lined  by  eosinophilie  cuboidal  epithelium,  the  cytoplasm  of  which  is  agranu¬ 
lar.  The  striking  feature  of  this  gland  is  its  numerous  acini,  which  consist  of 


*The  flgures  in  parentheses  indicate  the  numbers  of  animals  in  each  group. 


Fig.  1. — Normal  submaxfilary  gland.  Note  numerous  intralobular  ducts  (D).  Acinar 
cells  intervene  between  the  ducts.  Hematoxylin  and  eosin,  orig.  mag.  X600,  reduced  %. 

Fig.  2. — Photomicrograph  of  a  section  stained  with  mucicarmine.  Note  that  both  the 
submaxillary  (8M)  and  sublingual  (Si,)  acinar  cells  are  mucine-positive.  The  latter,  however, 
stain  more  intensely.  Mucicarmine,  orig.  mag.  X600,  reduced  %. 

Fig.  3. — Normal  sublingual  gland.  Note  intralobular  duct  (/>).  Orig.  mag.  X600, 
reduced  %. 

Fig.  4. — Submaxillary  gland  one  week  after  ligation.  Intralobular  ducts  (O)  are  out¬ 
lined.  Acinar  cells  are  reduced  in  size.  Hematoxylin  and  eosin.  Orig.  mag.  X600,  reduce<l  %. 
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large,  pyramidal,  intensely  vacuolated  cells  with  basally  placed  flattened  nuclei 
(Fig.  3).  Lumina  of  the  acini  are  not  apparent.  Acini  are  separated  by  a 
very  delicate  connective  tissue  stroma. 

Mucicarmine  stains  the  mucous  acini  deep  red  while  the  cells  lining  the 
duct  stained  very  pale  pink.  The  mucous  cells  were  stained  darker  than  the 
cells  of  the  submaxillary  gland. 

SuhmaxUlary  and  Sublingual  Glands  on  the  Left  (Control)  Side. — The 
interstitial  connective  tissue  of  the  submaxillary  and  sublingual  glands  on  the 
control  side  showed  lymphocytic  and  plasma  cell  infiltration  which  disappeared 
from  2  to  3  weeks  postoperatively.  In  all  other  respects  the  glands  on  the 
left  side  appeared  normal. 

Submaxillary  and  Sublingual  Glands  on  the  Right  (Experimental)  Side. — 

One  week:  A  week  after  the  ligation  of  the  duct  the  most  striking  change 
in  the  submaxillary  gland  was  the  disappearance  of  the  eosinophilic  granules 
of  the  cells  of  the  intralobular  ducts.  The  pyramidal  cells  of  these  ducts  now 
appeared  cuboidal  and  had  distinct  boundaries  (Fig.  4).  The  diameter  of  the 
intralobular  ducts  was  reduced  but  the  interlobular  ducts  appeared  dilated 
and  lined  by  a  single  layer  of  short  cuboidal  cells.  The  acini  could  no  ^  •liger 
be  seen  distinctly,  but  appeared  as  small  clusters  of  polyhedral  vacuolated 
basophilic  cells  with  round  or  oval  nuclei  (Fig.  4).  These  cell  groups  were 
crowded  between  the  more  apparent  tubules  and  ducts.  The  periglandular, 
as  well  as  the  interstitial  connective  tissue  of  the  gland,  showed  diffuse  infiltra¬ 
tion  by  neutrophils,  some  plasma  cells,  lymphocytes,  and  macrophages. 

The  sublingual  gland  showed  a  dilatation  of  the  interlobular  ducts  but 
no  significant  change  in  the  intralobular  ducts.  The  acini  as  well  as  their  com¬ 
ponent  cells  were  smaller  in  size  (Fig.  5),  the  cellular  outlines  were  more  dis¬ 
tinct,  and  in  some  places  the  lumina  could  now  be  identified.  The  latter  was 
due  to  the  reduction  in  the  number  of  secretory  vacuoles  and  the  size  of  the 
acinar  cells.  The  cells,  however,  were  still  moderately  vacuolated  and  showed 
basophilia.  The  periglandular  as  well  as  the  interstitial  connective  tissue  showed 
diffuse  infiltration  by  neutrophils,  plasma  cells,  and  macrophages. 

Two  weeks:  In  the  submaxillary  gland  2  weeks  after  ligation  there  was 
a  further  dilatation  of  the  interlobular  and  of  some  intralobular  ducts.  Many 
of  the  former  appeared  tortuous  and  in  tangential  sections  cystlike  (Figs.  6, 
7,  and  8).  These  ducts  were  lined  by  flattened  epithelium.  The  prominent 
picture  of  the  submaxillary  gland,  however,  was  a  large  number  of  small 
tubular  structures  which  were  lined  by  cuboidal  epithelium.  In  between  these 
ductal  elements  the  once  acinar  cells  appeared  in  one  of  the  three  forms.  Either 
they  formed  small  clumps  of  rounded  basophilic  vacuolated  cells  which  re¬ 
sembled  normal  cells  except  in  size,  or  they  appeared  as  islands  of  signet  ring 
cells  with  one  large  vacuole  and  crescent-shaped  nuclei  (Fig.  9),  or  they  formed 
small  mas.ses  of  polyhedral  cells  with  scanty  nonvacuolated  cytoplasm  and  rela¬ 
tively  large,  round  nuclei.  These  three  types,  respectively,  seemed  to  represent 
different  degrees  of  decreasing  activity  and  final  rest.  Degeneration  of  cells 
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Klg.  5. — 8ublinKual  gland  one  week  after  ligation.  I),  intralobular  duct.  Compare  with 
Kig.  3.  Hematoxylin  and  eoain.  Orlg.  mag.  XCOO,  reduced  %. 

Kig.  6. — Normal  sublingual  iHL)  and  submaxillary  {SM)  glands.  Note  the  major  duct 

iM). 

Figs.  7  and  8. — Sublingual  {HL)  and  submaxillary  (SAf)  glands  2  weeks  after  ligation. 
Note  diiated  and  tortuous  major  (Jf)  and  interiobuiar  (/)  tiucts.  In  Kig.  8  the  submaxiilary 
gland  seems  to  consist  predominantly  of  ducts.  Hematoxylin  and  eosin.  Orlg.  mag.  x85. 
re/luced  %, 
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Fi|f.  9. — Subniaxillary  Klt^nd  2  we^ks  aft€!r  liKation.  Note  numerous  clumps  of  siBnet-rinK 
cells  which  Intervene  the  Intralobular  ducts.  Hematoxylin  and  eosln.  Grig.  mag.  X600. 
reduced  Mh 

FiK.  10. — Submaxiliary  gland  4  months  after  ligation.  Outlined  areas  show  the  clumps  of 
resting  acinar  cells.  Hematoxylin  and  eosin.  Grig.  mag.  X600,  reduced 

Fig.  11.^ — Submaxiliary  giand  2>/^  months  after  ligation.  Note  numerous  dllatetl  intra¬ 
lobular  ducts.  Hematoxylin  and  eosln.  Grig.  mag.  X95,  reduced  4ti. 

Fig.  12. — Submaxiliary  gland  4  months  after  ligation.  Note  duct  proliferation.  Hema¬ 
toxylin  and  eosin.  Grig.  mag.  X60U,  reduced  4<t. 
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was  also  noted  in  a  few  areas.  The  periglandular  and  interstitial  inflammatory 
infiltrate  was  less  marked  and  consisted  predominantly  of  plasma  cells  and 
lymphocytes. 

The  ductal  elements  in  the  sublingual  gland  were  similar  in  structure  but 
markedly  less  numerous  than  those  of  the  submaxillary  gland.  The  acini  were 
less  numerous  and  smaller  than  in  the  normal  gland.  However,  as  compared 
to  the  ligated  submaxillarj'  gland,  they  w’cre  more  numerous.  They  consisted 
mainly  of  rounded  vacuolated  basophilic  cells,  but  in  some  instances  the  cells 
had  lost  the  vacuolation  and  had  become  smaller  and  polyhedral.  Some  areas 
of  cellular  degeneration  could  be  seen. 

Three  u’eeks:  During  this  period  further  changes  were  observed  in  the 
submaxillary  gland.  The  acinar  cells  which  previously  could  be  differentiated 
from  the  tubular  cells  became  inconspicuous.  Only  in  isolated  areas  could 
clumps  of  polygonal  cells  be  identified. 

The  sublingual  mucous  gland  appeared  unchanged  from  the  previous  stage 
and  was  conspicuous  beeau.se  of  the  relative  predominance  of  acinar  cells. 

One  to  four  months:  In  the  submajcillary  glands  the  acinar  cells  continued 
to  show  regressive  changes.  They  appeared  as  islands  of  nonvacuolated  or 
lightly  vacuolated  polyhedral  cells  (Pig.  10).  In  some  areas  the  intralobular 
ducts  formed  sprouts  which  consisted  either  of  nonvacuolated  or  vacuolated 
cells.  When  vacuolated  they  resembled  acinar  cells  but  were  mucin  negative. 

There  was  a  progressive  increase  in  the  diameter  of  the  intra-  and  inter¬ 
lobular  ducts  (Fig.  11).  The  lining  cells  of  these  dilated  ducts  varied  from 
low  cuboidal  in  some  intralobular  ducts  to  very  flattened  sealelike  cells  of  the 
interlobular  duets.  The  cuboidal  cells  of  some  intralobular  ducts  showed  faint 
eosinophilia. 

The  prominent  feature  at  4  months  w'as  the  proliferation  of  ductal  elements 
(Fig.  12).  Mito.ses  were  seen  in  the  lining  cells  and  fretpiently  small  sprouts 
could  l>e  seen  originating  from  the  ducts.  Many  areas,  particularly  the  periph¬ 
eries  of  the  gland,  showed  small  clumps  of  cells  which  were  not  yet  canalized  and 
differed  from  the  islands  of  acinar  cells  by  their  small  size  and  more  regular 
arrangement. 

From  1  to  4  months  postoperatively  the  sublingual  gland  showed  a  pro¬ 
gressive  decrease  in  the  number  of  mucin-positive  acinar  cells  until  at  4 
months  only  a  few  remained.  However,  there  was  a  progressive  increase  in 
the  number  of  ducts.  Ductal  proliferaUon  could  be  seen  especially  well  4 
months  after  ligation.  New  duets  aro.se  as  sprouts  of  old  ducts  or  could  be  seen 
as  small  uncanalized  eireumscrilK'd  islands  of  cells.  In  some  areas  of  the 
mueieannine-stained  specimens,  some  of  the  cells  lining  the  ducts  showed 
ballooning  and  positive  staining  with  mueiearmine  (Fig.  13).  Thus  the  forma¬ 
tion  of  new  acinar  cells  from  ductal  cells  could  be  demonstrated. 

Throughout  this  period  the  two  glands  showed  interstitial  infiltration  of 
))lasma  cells.  At  4  months  after  ligation  a  slight  increase  in  the  interstitial 
fibrous  connective  tissue  could  be  observed. 
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Five  to  nine  and  one-half  months:  In  the  suhmaxillary  gland  from  5  to  7 
months  after  ligation  the  predominant  number  of  acinar  cells  appeared  as 
clumps,  cords,  or  islands  of  polygonal  cells  with  scanty  cytoplasm  and  relatively 
large  nuclei.  At  some  places  they  were  continuous  with  ductal  cells  and  could 
be  differentiated  from  them  mainly  by  the  absence  of  Inmina.  At  9  and  91/2 
months  after  ligation  some  of  the  acinar  cells  again  showed  vacuolation  or  the 


Ki^.  13. — SublinKual  gland  4  months  after  ligation.  Mucicarniine  stain.  Note  niuein- 
positive  cells  differentiating  from  mucin-negative  cells  of  the  ducts.  Grig.  mag.  X600,  reduced 

■jr. 

Kig.  14. — Submaxillary  gland  9^  months  after  ligation.  Note  flbrosis.  areas  of  duct 
proiiferation,  and  cystlike  spaces  which  represent  tangential  cuts  through  <lilated,  tortuous, 
interlobular  ducts.  Hematoxylin  and  eosin.  Grig.  mag.  x85.  reduced 


signet-ring  appearance.  From  5  to  9V^  montlis  there  was  a  progressive  increase 
in  the  lumina  of  all  ductal  elements  so  that  even  the  smallest  intralobular 
ducts  appeared  larger  than  in  earlier  stages.  In  many  places  large  “cystlike” 
empty  spaces  always  lined  by  flattened  epithelium  could  be  seen  (Fig.  14). 
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Str  ly  of  serial  sections  revealed  that  these  cystlike  spaces  represented  tangen¬ 
tial  cuts  through  dilated  tortuous  ducts.  Some  interlobular  ducts  showed 
patches  of  stratified  sejuamous  epithelium.  There  was  a  progressive  increase 
in  interstitial  fibrous  connective  tissue,  so  that  the  intralobular  ducts  appeared 
farther  apart  from  each  other.  In  some  eases  fibrosis  was  particularly  marked 
around  the  interlobular  ducts  (Fig.  14). 

Between  5  and  months  the  siihlingual  gland  resembled  the  submaxillarj’ 
except  that  it  showed  a  number  of  acini  of  mucous  cells  and  the  presence  of 
easinophilic  material  in  some  of  the  ducts.  The  ductal  elements  though  more 
numerous  than  earlier  w’ere  lesser  than  in  the  submaxillary  gland. 

The  interstitial  'tissue  of  these  glands  showed  a  progressive  decrease  in 
inflammatory  cells,  but  even  at  91/2  months  after  ligation  it  showed  lympho¬ 
cytic  and  plasma  cell  infiltration. 


DISCUSSION 

1.  Pathogenesis  of  Mucoceles. — ^lucoceles  are  grossly  visible,  circumscribed, 
translucent  swellings.  It  is  generally  accepted  that  they  are  retention  cysts 
which  follow’  an  obstruction  in  the  salivary  ducts.^  Histologically  they  are 
described  to  be  epithelium-lined  cavities  which  contain  mucous,  inflammatory, 
and  desquamated  cells.  In  the  present  experiment  where  the  obstruction  of 
the  excretory  duct  lasted  from  6  days  to  9i/^  months  mucoceles  did  not  develop. 
Histologic  sections  did  reveal  epithelium-lined  “microcysts”  wrhich  represented 
tangential  cuts  through  the  tortuous  dilated  ductal  elements.  It  can  be  con¬ 
cluded  from  this  study,  therefore,  that  mucoceles  are  not  necessarily  caused  by 
obstruction  of  excretory  duets  of  salivary  glands.  This  view  is  further  strength¬ 
ened  by  the  fact  that  in  none  of  the  previous  investigations  where  the  salivarj’ 
ducts  were  ligated  could  the  formation  of  mucocele-like  lesions  be  demonstrated. 

2.  Duct  Obstruction  and  Adenitis. — Inflammation  of  the  human  salivary 
glands  is  supposed  to  be  due  either  to  an  ascending  infection  from  the  oral 
cavity  or  more  rarely  via  a  hematogenous  route.  It  has  been  suggested  that  the 
obstruction  of  the  duct  as  in  sialodochitis  or  sialolithiasis  may  contribute  to 
interstitial  inflammation  of  the  gland. In  the  present  study,  w’hereas  both 
the  control  and  experimental  sides  were  .subjected  to  similar  surgical  manipula¬ 
tion,  the  inflammatory  changes  on  the  control  side  disappeared  by  about  the 
fifteenth  day,  whereas  on  the  experimental  side  chronic  adenitis  was  noticed 
even  91/2  months  after  ligation.  From  this  it  may  be  concluded  that  ligation 
per  se,  in  the  absence  of  any  superimposed  infection,  can  cause  and  maintain 
chronic  inflammation.  It  is  quite  possible  that  the  degeneration  of  cells  which 
occurs  following  ligation  leads  to  the  production  of  .some  substance  which,  in 
turn,  is  responsible  for  the  inflammatory  response. 

3.  Experimental  and  Human  Obstructive  Adenitis. — The  changes  following 
experimental  ligation  and  those  seen  in  surgically  removed  human  cases  of  ob¬ 
structive  adenitis  arc  comparable.  The  detailed  changes  in  human  obstruc¬ 
tive  adenitis  will  be  reported  elsewhere.  It  may  be  briefly  mentioned,  how¬ 
ever,  that,  whereas  early  cases  show  dilatation  of  duets,  degeneration  of  acinar 
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cells  and  interstitial  infiltration  by  plasma  cells  and  lymphoeytes,  in  cases  with 
longer  histories  there  was  duct  proliferation  and  progressive  fibrosis.  In  one 
specimen  with  a  history-  extending  over  36  months  the  histologic  picture  super¬ 
ficially  resembled  a  fibroeystadenoma. 

4.  Common  Suhlingunl  and  Submaxillary  Duct. — Whether  the  sublingual 
and  the  submaxillary  glands  in  mice  have  a  common  or  separate  excretory  duct 
has  been  a  matter  of  dispute  (Sreebny).^"  Since  in  the  present  study  the  liga¬ 
tion  of  the  submaxillary  duet  led  to  changes  in  both  of  these  glands  it  can  he 
assumed  that  they  share  a  common  duet. 

5.  Cellular  Changes. — The  primary’  effect  of  ligation  as  expected  is  upon 
the  seeretorv  cells.  These  include  the  mucous  and  serous  acinar  cells  and  the 
cells  lining  the  intralobular  duets  of  the  submaxillary  gland.  As  a  consequence 
of  ligation,  the  acinar  cells,  both  serous  and  mucous,  become  markedly  reduced 
in  size,  showed  decreased  vaeuolation,  appeared  signet-shaped,  and,  finally, 
avaeuolated  and  undistinguishable  from  the  altered  ductal  cells.  Contrary  to  a 
previous  report,*®  we  also  noticed  signs  of  cellular  degeneration.  When  this 
occurred  in  most  of  the  cells  of  an  acinus,  microeysts  formed.  In  addition  to 
degeneration,  sprouting  of  the  intralobular  duets  was  noticed.  These  sprouts 
generally  consisted  of  avaeuolated  cells,  but  in  places  some  of  these  cells  showed 
vacuoles.  Differentiation  of  ductal  cells  into  acinar  cells  was  particularly  no¬ 
ticeable  in  the  sublingual  gland,  where  mucin-negative  cells  of  the  duets  showed 
buds  and  demilunes  of  mucin-positive  mucous  cells.  Thus  the  ductal  elements 
were  differentiating  into  new  acinar  cells. 

The  pyramidal  cells  lining  the  intralobular  ducts  of  the  submaxillary 
glands  are  also  secretory  and,  therefore,  markedly  affected  by  ligation.  They 
lost  their  granules,  became  markedly  reduced  in  size,  and  appeared  euboidal. 
In  later  stages  due  to  dilatation  of  .some  of  the  intralobular  duets,  the  lining 
cells  became  flattened. 

In  both  glands  there  was  an  increase  in  the  number  of  duets.  This  in¬ 
dicates  that  the  ductal  cells  are  not  only  the  source  of  the  acinar  cells,  but  also 
of  new  duets.  This  ability  of  the  ductal  cells  is  also  evidenet'd  during  develop¬ 
ment  where  the  entire  acinar  component  of  the  gland  originates  from  the  duets. 
These  findings  also  add  further  proof  to  the  belief  that,  in  the  varied  tumoi's 
of  the  salivary  glands,  it  is  the  pleuripotential  ductal  cell  which  proliferates 
into  various  cell  types. 

SUMMARY 

To  study  the  relationship  between  duct  obstruction  on  one  hand  to  muco¬ 
celes  and  adenitis  on  the  other,  right  submaxillarj^  ducts  of  31  6-month-old 
female  mice  were  ligated.  Animals  were  sacrificed  at  1,  2,  and  3  weeks,  and  at 
1»  3,  4,  41/2,  5,  51/4,  7,  !),  and  9i/^  montlis  postoperatively.  Glands  from 

the  right  side  were  fixed  in  10  per  cent  formalin,  embedded  in  paraffin,  sec¬ 
tioned  serially,  and  stained  with  hematoxylin  and  eosin.  Van  Gieson,  Mayer’s 
Mucicarmine,  and  erythrosin-saf ranine.  The  left  glands  were  treated  similarly 
except  that  they  were  not  cut  serially. 
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The  findings  and  conclusions  were:  (1)  Lesions  resembling  human  muco¬ 
celes  did  not  follow  duct  obstruction;  (2)  Ligation  per  se  causes  adenitis; 
(3)  Changes  in  the  gland  are  comparable  to  those  following  obstruction  of 
salivary  ducts  in  man;  (4)  Ductal  cells  are  the  source  of  new  ducts  as  well  as 
nonfunctioning  or  i)artially  active  acinar  cells;  (5)  Following  ligation  the  secre¬ 
tory  cells  degenerate  or  show  loss  of  secretory  granules  and  vacuoles  and  finally 
appear  as  cuboidal  or  polyhedral  cells;  and  (6)  Ligation  leads  to  increase  in 
number  of  ducts  as  well  as  interstitial  fibrosis. 

We  are  indebted  to  Stefan  Chobanoff  for  excellent  technical  assistance.  The  help 
given  by  William  Winn,  biological  photographer,  in  the  preparation  of  photomicrographs 
is  gratefully  acknowledged. 
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PATHOGENESIS  OF  MUCOCELES 

S.  N.  BHASKAR,  D.D.S.,  Ph.D.,*  T.  E.  BOLDEN,  D.D.S.,  M.S.,**  AND 
J.  P,  WEINMANN,  M.D. 

Division  of  Oral -Pathology,  University  of  Illinois  College  of  Dentistry,  Chicago,  III. 

INTRODUCTION 

IT  IS  widely  accepted  that  mucoceles  are  retention  cysts  which  are  lined  by 
epithelium  and  result  from  the  obstruction  of  a  salivary  duct.^  In  a  previ¬ 
ous  experiment,*  however,  where  the  salivary  duets  of  the  submaxillary  and 
sublingual  gland  in  mice  were  ligated,  mucoceles  did  not  develop.  The  present 
study  was  therefore  undertaken  to  determine  the  pathogenesis  of  mucoceles. 
It  consists  of  two  parts.  In  the  first  part  the  histopathology  of  human  muco¬ 
celes  based  on  19  cases  is  described.  In  the  second  part  experimental  produc¬ 
tion  of  mucoceles  is  reported.  Finally  conclusions  as  to  the  pathogenesis  of 
these  lesions  are  drawn. 

REVIEW  OF  LITERATURE 

There  are  only  few'  reports  on  the  pathogenesis  or  histopathology  of  muco¬ 
celes  or  ranulae.  It  has  been  generally  accepted  that  the  mucoceles  are  re¬ 
tention  cysts,  i.e.,  they  are  caused  by  an  obstruction  in  an  excretory  duct.* 
Hippie*  reported  that  the  ranula  is  an  epithelial-lined  cyst  which  results  from 
the  retention  of  secretion.  The  obstructed  dilated  ducts  fuse  and  form  a  large 
cystic  cavity.  Suzanne  (quoted  by  Hippie*),  Bailey,^  and  Brunner*  on  the 
other  hand  showed  that  ranulae,  at  least  some  of  them,  are  a  result  of  myx¬ 
omatous  degeneration  or  liquefaction  of  the  mucous  glands. 

Descriptions  as  to  the  morphology  of  the  mucoceles  and  ranulae  also  vary. 
Thoma*  and  Suzanne*  have  reported  an  epithelial  lining,  while  Hippie,*  Erd- 
heim,®  and  Lang*  emphasized  that  the  cyst  wall  may  be  covered  by  epithelium¬ 
like  cells  but  regular  epithelium  is  never  present.  Brunner*  described  a  ea.se 
of  ranula  where  an  epithelial  lining  was  missing. 

MATERIAL  AND  METHOD 

Part  I. — The  material  consists  of  19  surgically  removed  mucoceles.  The 
removed  specimens  were  fixed  in  10  per  cent  formalin,  embedded  in  paraffin, 
sectioned  and  stained  with  hematoxylin  and  eosin,  Mayer’s  Mueicarmine,  silver 
impregnation,  Mallory’s  connective  tissue  stain,  and  Van  Gieson’s  method. 

This  investiK&tion  was  supported  in  part  under  Contract  W-49-007  MD  496  with  the 
Medical  Research 'and  Deveiopnrjent  Board,  Office  of  the  Surgeon  (ieneral  of  the  United  States 
Army. 
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Fart  II. — To  produce  mucoceles  experimentally  five  6-month-old  female 
mice  and  six  ;l-month-old  female  rats  were  anesthetized  with  ether,  and  after 
shaviiiy:  the  skin  of  the  neck,  the  submandibular  group  of  salivary  glands  was 
exposed  by  a  skin  incision.  The  right  submaxillary  excretory  duet  was  then  dis¬ 
sected  out  of  the  .surrounding  tissues  and  severed.  The  animals  were  sacrificed  at 
intervals  of  from  1  to  9  days  postoperatively.  After  sacrifice,  the  glands  were 
exposed,  studied  grossly,  removed,  fixed  with  10  per  cent  formalin,  embedded 


Kigs.  1,  2,  and  3. — Photomicrographs  of  typical  human  mucoceles  (type  1).  Note  the 
well-circumscribed  cystic  cavities  and  the  pale  stained  mucicarmine-pusitive  contents  (A). 
Stained  with  hematoxylin  and  eosln.  Orig.  mag.  Xl2,  X16.  XI 7,  respectively,  reduced 


Volume  35 
Number  6 


PATHOGENESIS  OF  MUCOCELES 


865 


in  paraffin,  cut  serially,  and  stained  with  hematoxylin  and  cosin,  Mayer’s 
Mueiearmine,  silver  impregnation,  Mallory’s  connective  tissue  stain,  and  Van 
(lieson’s  method. 

FINDINGS 

A.  Human  Material. — Of  the  19  cases  of  mucoceles  included  in  this  study 
11  originated  in  the  lower  lip,  2  at  one  of  the  commissures,  2  on  the  buccal 
mucosa.  2  on  the  ventral  surface  of  the  anterior  part  of  the  tongue,  1  in  the 
floor  of  the  mouth,  and  in  1  the  location  was  not  given.  According  to  the  pa¬ 
tients  the  lesions  had  persisted  for  a  period  ranging  from  3  weeks  to  IV2  years. 
Cases  of  longer  duration  reported  intermittent  swellings,  which,  after  spon¬ 
taneous  drainage  or  incision,  always  recurred. 

These  lesions  presented  1  of  the  2  following  histologic  pictures : 

Type  1:  In  most  of  the  specimens  the  mucoceles  appeared  as  distinctly 
circumscribed  cavities  which  involved  the  lamina  propria  and  the  submucosa 
of  the  mucous  membrane  and  produced  an  elevation  on  the  mucosal  surface 
(Figs.  1  to  3).  The  stratified  squamous  epithelium  of  the  oral  mucosa  which 
covered  this  raised  area  was  in  all  cases  reduced  in  thickness  and  had  lost  its 
ridges.  The  cystic  cavities,  when  intact,  were  filled  with  a  homogeneous,  vacu¬ 
olated.  eosinophilic,  mucin-positive  material  in  which  varying  amounts  of  cells 
were  embedded.  The  embedded  cells  were  spherical.  From  the  shape  of  their 
nuclei  at  least  some  of  these  could  be  recognized  as  polymorphonuclear  leuko¬ 
cytes  and  macrophages.  In  none  of  the  examined  specimens  could  a  distinct 
epithelial  lining  be  demonstrated.  Silver  staining  showed  that  argyrophilic 
fibers  extended  to  the  border  of  the  cystic  cavity  (Fig.  4).  Sections  stained 
with  Mallory’s  connective  tissue  stains  also  revealed  that  the  border  of  the 
cystic  cavities  was  formed  by  connective  tissue.  The  cyst  wall  consisted  either 
of  compressed  connective  tis.sue  with  varying  degrees  of  lymphocytic  infiltra¬ 
tion,  or,  as  was  more  often  the  case,  of  a  wide  band  of  granulation  tissue 
(Fig.  5).  The  latter  showed  edema,  mild  lymphocytic  and  plasma  cell  infiltra¬ 
tion,  and  abundant  young  fusiform  fibroblasts  with  ])ale  ovoid  nuclei  (Fig.  6). 
The  cells  closest  to  the  lumen  showed  ballooning  and  desquamation.  In  some 
specimens  where  an  adjoining  mucous  gland  was  also  removed  with  the  eyst, 
atrophy  of  the  acini,  interstitial  fibrosis,  lymphocytic  and  plasma  cell  infiltra¬ 
tion.  and  dilatation  of  duets  could  be  seen  in  the  gland. 

Type  2:  Five  of  the  si)e<*imens,  which  were  clinically  diagnosed  as  muco¬ 
celes  and  which  were  of  relatively  short  duration,  did  not  show  distinct,  cir¬ 
cumscribed  cavities  (Figs.  7  and  8).  However,  they  produced  raised  areas 
on  the  mucosa.  The  covering  epithelium  showed  thinning  and  disappearance 
of  epithelial  ridges  (Figs.  7  and  8).  The  lamina  propria  and  the  submucosa 
showed  varying  amounts  of  intercellular,  homogeneous,  and  in  some  areas 
fibrillar,  mucicarmine-po.sitive  material  as  well  as  empty  spaces  (Fig.  9).  In 
parts  of  the  specimen  the  homogenous  material  reached  up  to  ami  invol  d 
the  basement  membrane  of  the  covering  oral  epithelium.  Tissue  surrounding 
these  pools  of  mucin  showed  neutrophil  and  lymphocytic  infiltration  and  some 
areas  of  fibroblast  proliferation. 
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Vlg.  4. — PhotomicroKraph  of  wall  of  mucocele  shown  In  Fig.  1.  Note  the  extension  of 
the  argyrophil  fibers  (A)  to  the  surface  of  the  cavity  (fi),  and  the  coagulated  mucous  con¬ 
tent  of  the  cyst  (C).  Silver  impregnation.  Orig.  mag.  X290,  reduced  ^ 

Fig.  5. — Photomicrograph  of  wall  of  mucocele  (Fig.  2)  showing  wide  layer  of  granula¬ 
tion  tissue  (A)  infiltrated  by  infiammatory  cells  and  the  absence  of  epithelium.  Note  the 
coagulated  eosinophilic  mucicarmine-positlve  material  (B)  into  which  round  cells  have 
migrated.  Stained  with  hematoxylin  and  eosin.  Orig.  mag.  X290,  reduced 
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Fig.  6. — PhotoniicroKraph  of  wall  of  mucocele  (Fig.  2)  showing  wide  layer  of  granula¬ 
tion  tissue  (.A)  which  is  edematous  and  inllltrated  by  lymphocytes  and  plasma  cells.  Note  the 
lightly  stained  content  of  the  cyst  (H).  Stained  wltii  hematoxylin  and  eosin.  Urig.  mag. 
X290,  reduced  ^ 

Fig.  7. — Photomicrogiapli  of  an  elevated  lesion  on  lip  clinically  diagnosed  as  mucocele. 
Swelling  is  characterised  by  large  amounts  of  mucicarmlne-|M>sitive  material  in  intercelluiur 
substance  of  lamina  propria.  Note  absence  of  epithelial  ridges  of  the  oral  mucosa  (A).  The 
lesion  represents  an  early  mucocele,  type  2.  Stained  with  hematoxylin  smd  eosin.  ()rig.  mag. 
X35,  reduced  Vb- 

Fig.  8. — Photomicrograph  of  human  mucocele  (type  2).  Note  the  presence  of  a  large 
cavity  (C)  and  some  smaller  cavities  (Li)  without  deflnite  walls  in  the  lamina  propria.  .Also 
note  the  lack  of  epithelial  ridges  (A)  of  the  oral  mucosa.  Stained  with  hematoxylin  and  eosin. 
Orig.  mag.  X20,  reduced 
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In  one  of  the  specimens  (505-51)  a  type  1  mucocele  showed  a  break  in  its 
wall.  It  had  produced  a  subcpithelial  swelling:  which  showed  the  histologic 
characteristics  of  an  early  mucocele  of  type  2  (Fig.  10),  These  observations 
suggest  strongly  that  the  cystic  lesion  of  type  2  precedes  the  well-defined  cystic 
cavity  of  type  1. 

FIs.  9. 


Fis.  10. 


Fig.  9. — Higher  niagniflcation  of  an  area  ( U )  of  Fig.  8.  Note  poorly  circumscribed 
pools  of  mucicarmine-positive  material  <B)  in  lamina  propria.  Connective  tissue  separating 
the  pools  shows  inflltration  by  neutrophils  and  lymphocytes.  Stained  with  hematoxylin  and 
eosin.  Orig.  mag.  X70,  reduced  Vi- 

Fig.  10. — Photomicrograph  of  a  mucocele  of  the  lower  lip,  type  1  (C)  which,  due  to 
a  break  in  wall  (arrow),  produced  a  mucocele  of  type  2  (G').  Stained  with  Mallory.  Orig. 
mag.  X18,  reduced  Vi- 
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B.  Experimental. — Since  the  changes  in  the  mice  and  the  rats  were  com¬ 
parable,  these  will  be  described  together. 

Gross  findings:  At  sacrifiee  the  submandibular  group  of  glands  on  the 
experimental  side  appeared  much  larger  than  those  on  the  control  side. 

Fig.  11.  Fig.  12. 


Fig.  13. 

Fig.  11. — Photograph  of  gross  specimen  showing  an  experimental  mucocele  (Jkf)  in  a 
rat.  Kxcretory  duct  of  submaxillary  gland  was  severed  3  days  previously,  tlrig.  inag.  X2, 
reduced  Vi- 

Fig.  12. — Photomicrograph  of  submaxillary  group  of  glands  of  rat  showing  the  accumula¬ 
tion  of  mucus  in  the  connective  tissue  1  day  after  severing  of  the  excretory  duct.  Stained 
with  mucicarmine.  Urig.  mag.  XlO,  reduced 

Fig.  13. — Higher  magniflcation  of  area  shown  by  arrow  in  Fig.  12.  Note  the  mucicarmine- 
positive,  vacuolated  intercellular  material  (.4)  and  the  embedded  cells  (B).  Stained  with 
hematoxylin  and  eosin.  Urig.  mag.  X390,  reduced 
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In  5  of  the  6  rats  and  3  of  the  5  mice  the  superficial  surface  of  the  glands 
showed  either  circumscribed  translucent  swellings  or  at  bisection  cystic 
cavities  of  varying  size  (Fig.  11).  These  cavities  were  filled  with  a  clear 
viscous  fluid  which  appeared  like  mucus.  In  the  remaining  3  animals  (1  rat 
and  2  mice)  the  submandibular  area  showed  fistulae  and  the  glands  on  bisec¬ 
tion  revealed  grayish-yellow  necrotic  areas. 


Fig.  14. 


Fig.  15. 


Fig.  1C. 


Figs.  14,  16,  and  16. — Photomicrographs  of  mucoceles  produced  In  the  rat  2,  4,  and  7 
days,  respectively,  after  severing  of  the  excretory  duct.  In  Fig.  16,  the  black  line  demarcates 
ttie  severed  dilated  duct  from  the  mucocele.  Only  granulation  tissue  lines  the  latter.  Note 
mucicarmine-positive  material  (M)  within  cavities.  Stained  with  hematoxylin  and  eosin. 
Orig.  mag.  X8,  X8,  X9,  respectively,  reduced 


Histologic:  One  day  after  severing  of  the  duet  the  connective  tissue  be¬ 
tween  various  submandibular  salivary  glands  and  lymph  nodes  showed  ill- 
defined  areas  of  intercellular  basophilic  vacuolated  material  in  which  numer- 
<nis  cells  were  embedded  (Figs.  12  and  13).  This  material  was  mucicarmine 
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FiK.  17. 


Fig.  18. 


Fig.  19. 


Fig.  17. — Photomicrograph  of  a  mucocele,  3  daya  after  severing  of  excretory  duct  in  a 
mouse.  Note  mucicarmine-positlve  material  (if)  Ailing  cystic  cavity.  Stained  with  hema¬ 
toxylin  and  eosin.  Orig.  mag.  Xl3,  reduced 

Fig.  18. — Higher  magniAcation  of  wall  of  experimental  mucocele  shown  in  Fig.  16.  Note 
absence  of  epithelium.  Wall  of  cavity  is  formed  by  compressed  connective  tissue  into  whicli 
neutrophils,  plasma  cells,  and  macrophages  have  inAltrated  (W).  Mucicarmlne-positive 
material  containing  inAammatory  cells  is  seen  within  the  cystic  cavity  (if).  StainM  with 
hematoxylin  and  eosin.  Orig.  mag.  X390,  reduced  ^i. 

Fig.  19. — Photomicrograph  of  wall  of  experimental  mucocele.  Higher  magniAcation  of 
an  area  of  specimen  shown  in  Fig.  14.  Note  the  extension  of  the  argyrophil  Abers  (A)  to  the 
surface  of  the  cavity  (C).  Silver  impregnation.  Orig.  mag.  X390,  reduced  4ii. 
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positive.  Although  the  embedded  cells  were  all  rounded  their  nuclei  revealed 
that  they  were  predominantly  neutrophilic  leukocytes  but  some  macrophages 
and  fibroblasts  were  also  present.  The  connective  tissue  surrounding  and 
separating  the  mucous  pools  showed  varying  degrees  of  neutrophil  infiltration. 

from  2  to  9  days  after  the  severing  of  the  duct  typical  mucoceles  devel¬ 
oped  which  were  comparable  to  human  lesions  (Figs.  14  to  17).  These  cystic 
cavities  varied  in  size  from  about  3  by  3  by  3  mm.  to  12  by  12  by  9  mm.  These 
cavities  contained  mucicarmine-positive  material.  In  cases  where  the  cysts  were 
bisected  prior  to  embedding,  the  mucicarmine-positive  material  had  escaped  and 
only  small  amounts  of  it  could  be  seen  along  the  wall  of  the  cavities.  Embed¬ 
ded  within  the  mucicarmine-positive  material  were  numerous  rounded  cells, 
the  nuclei  of  which  resembled  those  of  neutrophils,  macrophages,  or  fibroblasts 
(Fig.  18).  With  increasing  postoperative  period  the  number  of  neutrophils 
diminished.  Tbo  walls  of  the  cysts  were  not  lined  by  epithelium  and  in  sec¬ 
tions  stained  with  silver,  argyrophil  fibers  extended  to  the  cystic  cavity 
(Fig.  19).  In  early  stages  the  cystic  wall  consisted  predominantly  of  pre¬ 
existing  compressed  connective  tissue,  but  in  later  stages  fibroblastic  pro¬ 
liferation  had  occurred.  The  cavity  was  then  lined  by  a  wide  band  of  granu¬ 
lation  tissue.  The  inner  surface  of  the  cyst  wall  showed  transitions  between 
normal  young  fibroblasts  and  the  balloon-like  cells  in  the  cystic  fluid.  The 
connective  tissue  adjacent  to  the  wall  of  the  cystic  lesions  showed  varying 
degrees  of  infiltration  by  neutrophil  and  plasma  cells  and  an  abundance  of 
macrophages. 

In  one  of  the  specimens  (7  days)  the  section  happened  to  pass  through 
the  severed  salivary  duet.  This  specimen  showed  the  cut  end  of  the  duct 
opening  into  the  cy.stic  cavity.  The  epithelial  lining  of  the  dilated  duct,  how¬ 
ever,  ended  abruptly  and  did  not  extend  over  the  cystic  wall  (Fig.  16). 

The  submaxillary  and  sublingual  glands  on  the  experimental  side  showed 
varying  degrees  of  interstitial  infiltration  by  lymphocytes  and  plasma  cells 
and  atrophy  of  the  acinar  and  tubular  cells. 

In  3  animals  in  which  mucoceles  did  not  develop,  circumscribed  areas  of 
coagulation  necrosis  involving  both  the  sublingual  and  submaxillary  gland 
were  j)res(*nt.  All  3  spc'cimens  showed  numerous  small,  deeply  basophilic  foci 
of  bacterial  colonies.  In  one  case  thrombosis  of  a  large  artery  and  calcifica¬ 
tion  of  the  media  could  be  observed. 

DISCUSSION 

1.  Lininfi  of  Mucoceles. — It  is  generally  considered  that  the  mucoceles 
and  ranulae  are  lined  by  epithelium.  In  our  material,  however,  epithelial 
lining  could  not  be  demonstrated  in  any  of  the  cysts.  Since  in  hematoxylin 
and  eosin-stained  specimens  it  was  sometimes  difficult  to  ascertain  whether 
the  lining  cells  were  fibroblasts  or  flattened  epithelial  cells,  sections  were 
stained  with  silver.  These  revealed  that  the  argyrophilic  fibers  in  varying  density 
extended  to  the  very  surface  of  the  cavity.  Although  in  our  material  muco¬ 
celes  do  not  show  epithelial  lining,  it  is  theoretically  possible  that  in  some 
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cases  such  a  lining  may  develop  secondarily.  In  one  of  our  specimens  (Fig. 
16)  the  experimentally  severed  duct  opened  directly  into  a  cystic  cavity  but 
the  epithelial  lining  was  restricted  to  the  duct.  It  could  be  assumed  that  in 
such  a  case  at  a  later  stage  the  epithelium  of  the  duct  would  proliferate  and 
line  the  cystic  space.  The  experimental  as  well  as  the  human  material  in  the 
present  investigation  has  shown,  however,  that  generally  the  mucoceles  are 
lined  in  early  stages  by  compressed  pre-existing  connective  tissue  and  in  later 
stages  by  granulation  tissue  only. 

2.  Pathogenesis  of  Mucoceles. — Mucoceles  are  believed  to  be  retention  cysts.^ 
However,  in  experimental  obstruction  (ligation)  of  the  ducts  of  submaxillary 
and  sublingual  glands  in  mice  these  lesions  could  not  be  produced.®  These 
findings  showed  that  obstruction  per  se  was  probably  not  the  cause  of  muco¬ 
celes.  Furthermore,  the  study  of  human  lesions  showed  that  early  stages  of 
clinical  mucoceles  were  characterized  by  accumulation  of  mucus  in  the  lamina 
l)ropria  and  submucosa  (Figs.  7  to  9).  These  accumulations  of  mucus  did  not 
have  clear-cut  boundaries.  If  these  lesions  were  due  to  duct  obstruction  one 
would  expect  not  only  clearly  demarcated  but  epithelium-lined  pools  of 
mucus. 

In  the  present  investigation,  when  the  salivary  ducts  were  severed  in 
mice  and  rats,  lesions  identical  to  human  mucoceles  developed.  In  early  stages 
there  was  an  accumulation  of  mucus  in  the  connective  tissue,  but  with  con¬ 
tinuous  pooling  of  saliva  a  clearly  demarcated  cavity  developed.  This  was  lined 
by  compressed  connective  tissue  and  later  by  granulation  tissue.  Similar  de¬ 
velopmental  stages  have  been  demonstrated  in  the  biopsy  material.  These 
findings  along  with  the  fact  that  mucoceles  are  most  frequently  found  in  areas 
most  exposed  to  trauma,  i.e.,  the  lower  lip,  indicate  that  a  cut  or  traumatic 
defect  of  a  salivary  duct  produces  mucoceles. 

SUMMARY  AND  CONCLUSIONS 

This  investigation  of  the  pathogenesis  of  mucoceles  consists  of  two  parts. 
In  Part  I,  which  is  based  on  a  study  of  19  surgically  removed  specimens,  the 
morphology  of  the  human  mucoceles  is  described.  Part  11  consists  of  an  ex¬ 
perimental  production  of  mucoceles  by  severing  the  salivary  ducts  in  5  mice 
and  6  rats.  All  specimens,  human  as  well  as  experimental,  were  fixed  in  10 
per  cent  formalin,  embedded  in  paraffin,  sectioned  serially,  and  stained  with 
hematoxylin  and  eosin,  silver  impregnation,  Mallory’s  connective  tissue  stain, 
Mayer’s  Mueiearmine,  and  Van  flieson’s  method.  The  findings  and  conclu¬ 
sion  j  were: 

1.  Mucoceles  are  not  lined  by  epithelium  but  by  connective  tissue  or  granu¬ 
lation  tissue. 

2.  In  early  stages  mucoceles  show  an  ill-defined  accumulation  of  mucus 
m  the  lamina  propria  and  submucosa,  but  as  the  salivary  secretion  continues 
well-defined  cystic  cavities  containing  mucin-positive  material  develop. 


874 


BH  ASKAR,  BOLDEN,  AND  WE  I NM  ANN 


J.  D.  Res. 
December.  1956 


3.  In  8  of  the  11  experimental  animals  lesions  similar  to  human  mucoceles 
could  be  reproduced.  The  3  animals  in  which  mucoceles  did  not  form  showed 
secondary  infection  and  extensive  necrosis. 

4.  Mucoceles  in  man  are  apparently  produced  by  a  traumatic  defect  or 
severing  of  a  salivary  duct  and  the  subsequent  escape  of  saliva  into  the  ad¬ 
jacent  tissues. 

We  are  indebted  to  Mr.  Stefan  Chobanoff  for  excellent  technical  assistance.  The 
help  given  by  William  Winn,  biological  photographer,  in  the  preparation  of  photomicro¬ 
graphs  is  gratefully  acknowledged. 
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OVARIAN  FUNCTION  IN  PERIODONTOSIS 

ROSLYN  WIENER,  MAXWELL  KARSHAN,  AND  BENJAMIN  TENENBAUM 

From  the  Department  of  Biochemistry,  School  of  Dental  and  Oral  Surgery,  and  College  of 
Physicians  and  Surgeons,  Columbia  University,  N.  Y. 

PERIODONTOSIS  occurs  predominately  in  females  of  reproductive  age, 
particularly  during  adolescence  and  early  maturity.  Because  of  this  fact, 
it  was  thought  that  a  study  of  ovarian  function  in  female  patients  with 
periodontosis  might  yield  an  etiological  clue.  Also,  since  there  is  considerable 
destruction^of  alveolar  bone  in  periodontosis,  and  since  the  generalized  osteo¬ 
porosis  sometimes  exhibited  by  postmenopausal  women  is  improved  by  sex 
hormone  administration,^*  ^  we  felt  that  there  was  further  reason  for  a  study 
of  sex  hormone  production  in  our  patients.  A  previous  report®  was  concerned 
with  the  elaboration  of  urinary  neutral  17-ketosteroids.  as  an  index  of  androgen 
production,  in  33  female  patients  with  periodontosis.  The  distribution  of 
values  was  within  the  normal  range,  with  a  mean  for  the  group  that  did  not 
differ  significantly  from  that  of  a  group  of  females  of  comparable  age  who 
were  free  from  periodontal  disease.  In  the  present  study  we  sought  to  delineate 
the  adequacy  of  female  hormone  production  by  a  study  of  serial  vaginal  smears 
and  the  basal  body  temperature  recordings  during  the  menstrual  cycle. 

While  the  menstrual  cycle  generally  is  28  days  in  length,  normally,  it  may 
vary  considerably.  The  cycle  is  divisible  into  two  phases.  The  follicular 
phase,  from  the  initiation  of  menstrual  flow  to  the  time  of  ovulation,  is  charac¬ 
terized  by  increasing  production  of  estrogenic  hormone  by  the  ripening  ovarian 
follicle.  The  amount  of  estrogen  produced  during  this  period  may  be  estimated 
by  measurement  of  urinary  estrogen  excretion,  or  may  be  demonstrated 
biologically  by  the  use  of  the  vaginal  smear.  The  vaginal  mucosa  is  very  sensi¬ 
tive  to  estrogen  stimulation,  and  exfoliated  cells,  aspirated  to  make  a  smear, 
will  indicate,  when  appropriately  stained,  the  extent  of  estrogen  productii)n. 
Normally,  during  the  follicular  phase,  successive  daily  vaginal  smears  stained 
by  a  trichrome  method  will  demonstrate  a  progressively  increasing  number 
of  red-staining  cornified  cells,  reflecting  a  rise  in  estrogen  production.  With 
ovulation  cornification  reaches  a  peak,  and  there  is  a  slight  fall  in  the  ba.sal 
body  temperature.  Shortly  thereafter,  the  vaginal  smear  shows  a  pronounced 
drop  in  cornification,  and  the  presence  of  considerable  amounts  of  mucus, 
cellular  debris,  and  leukocytes.  The  ruptured  follicle  is  soon  reorganized  in¬ 
to  the  corpus  luteum,  which  i)roduces  the  .second  ovarian  hormone,  pro- 

This  investigation  was  supported  in  part  by  a  research  grant  from  the  National  Institute 
for  Dental  Research  of  the  National  Institutes  of  Health,  Public  Health  Service. 

Presented  at  the  General  Meetings  of  the  International  .Association  for  Dental  Research 
at  French  I..lck,  Indiana,  on  March  17,  1951,  and  March  19,  1954.  {J.D.Hes.  Stt;  4K<I,  1951,  and 
SS:  714,  1964. 
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gesterone.  The  luteal  phase,  between  ovulation  and  the  beginning  of  the  next 
menstrual  period,  is  characterized  by  the  hormonal  product  of  the  corpus  luteum. 
The  vaginal  smear  during  this  phase  shows  predominately  the  effects  of  pro¬ 
gesterone,  with  the  appearance  of  characteristically  clumped  and  folded  blue- 
staining  cells,  and  considerable  amounts  of  mucus.  Another  notable  event  during 
the  luteal  phase  is  the  sustained  rise  of  basal  body  temperature  attributable  to 
the  action  of  progesterone.  Hormonal  deficiencies,  and  the  presence  or  absence 
of  ovulation,  may  be  ascertained  by  a  cytological  study  of  the  serial  smears,  in 
conjunction  with  the  basal  body  temperature  recording. 

METHODS 

The  indices  of  ovarian  activity  employed  in  this  study  include:  (a)  serial 
vaginal  smears,  taken  every  other  day,  throughout  at  least  one  complete  cycle; 
(b)  daily  basal  body  temperatures,  taken  immediately  upon  arising  throughout 
the  cycle;  and  (c)  in  some  patients  serial  oral  smears,  as  carried  out  by  Ziskin 
and  Moulton.*  The  oral  smears  were  taken  from  the  gingivae  on  the  left  side  of 
the  mouth  by  lightly  passing  a  thin  flat  blade  (spatula)  over  the  tissue,  simul¬ 
taneously  with  the  taking  of  the  vaginal  smears.  Ziskin  and  Moulton  had  re¬ 
ported  that  the  major  changes  in  eornification  of  the  vaginal  smear  were  reflected 
in  the  oral  smear.  The  smears  were  stained  by  the  triehrome  method  developed 
by  Shorr.®  The  vaginal  smears  were  studied  for  evidence  of  cyclic  change, 
presence  or  absence  of  ovulation,  and  quality  of  hormone  production.  The  oral 
smears  were  compared  with  the  vaginal  smears  for  demonstration  of  cycle  quality 
and  as  an  index  of  ovulation,  and  also  for  the  possibility  of  delineating  a  dis¬ 
tinctive  oral  smear  picture  in  periodontosis. 

RE.SULTS 

Of  the  33  patients  studied  by  vaginal  smears  and  temperature  records 
(Table  I),  all  but  3  had  ovulatory  cycles.  Of  the  ovulatory  series,  on  the  basis 
of  the  smear  evidence,  19  were  considered  to  be  of  good  quality,  8  were  judged 
to  be  of  fair  quality,  and  3  of  poor  quality.  The  3  patients  who  failed  to 
ovulate  showed  evidence  of  moderate  to  marked  estrogen  insufficiency.  Thus 
a  considerable  range  of  ovarian  activity  was  demonstrable  for  the  group,  with 
the  majority  showing  adequacy  of  the  cycle. 

It  is  of  interest  to  compare  the  severity  of  periodontal  di.sease  with  the 
quality  of  the  ovarian  cycle.  The  system  of  grading  the  degree  of  periodontal 
involvement  is  as  follows:  slight:  bone  loss  in  specific  areas  without  the 
necessity  of  immediate  extraction  of  teeth;  moderate:  bone  loss  to  an  extent 
requiring  extraction  of  some  teeth,  which  can  be  replaced  by  prosthesis ;  severe : 
more  extensive  bone  loss  requiring  extraction  of  all  but  6  teeth.  That  there  is 
a  suggestion  of  correlation  between  the  quality  of  ovarian  activity  and  the  de¬ 
gree  of  periodontal  involvement  is  shown  by  the  predominance  of  slight  and 
moderate  cases  in  the  group  with  evidence  of  a  qualitatively  good  ovarian 
cycle.  There  were  15  such  eases  in  a  group  of  19.  In  contrast  to  this,  there 
were  only  6  slight  and  moderate  cases  in  the  combined  group  of  14  showing 
fair,  i)oor,  and  anovulatory  cycles.  Stating  it  somewhat  differently,  there  were 
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Table  I 

Periodontosis  and  Ovarian  Function 


AGE 

QUALITY 

OF 

CYCLE 

DEGREE 

OF 

PERIODONTOSIS 

AGE 

QUALITY 

OF 

CYCLE 

DEGREE 

OF 

PERIODONTOSIS 

.SO 

Good 

Slight 

31 

Fair 

Slight 

,34 

Good 

Slight 

25 

Fair 

Moderate 

31 

Good 

Slight 

19 

Fair 

Moderate 

16 

Good 

Slight 

30 

Fair 

Moderate 

29 

Good 

Slight 

34 

Fair 

Severe 

14 

Good 

Slight 

34 

Fair 

Severe 

30 

Good 

Slight 

31 

Fair 

Severe 

33 

Good 

Slight 

17 

Fair 

Severe 

42 

Good 

Moderate 

13 

Poor 

Slight 

19 

Good 

Moderate 

22 

Poor 

Mc^erate 

43 

Good 

Moderate 

36 

Poor 

Severe 

37 

Good 

Moderate 

25 

Anovulatory 

Severe 

31 

Good 

Moderate 

20 

Anovulatory 

Severe 

29 

Good 

Moderate 

22 

Anovulatory 

Severe 

30 

Good 

Moderate 

28 

Good 

Severe 

39 

Good 

.Severe 

27 

Good 

Severe 

34 

Good 

Severe 

only  4  severe  cases  in  the  group  of  19  showing  good  ovarian  cycles  against  8 
severe  cases  in  the  group  of  14  showing  fair,  poor,  and  anovulatorj'  cycles.  It 
should  be  noted  that  there  was  severe  involvement  in  all  3  subjects  with 
ano^^llatory,  estrogen-deficient  cycles.  Age,  per  se,  does  not  seem  to  be  a 
determining  factor  in  the  degree  of  periodontal  involvement  since  the  average 
age  in  all  3  groups  was  about  the  same. 

In  16  eases,  simultaneously  obtained  vaginal  and  oral  smears  were  studied. 
Parallelism  was  striking  with  point-for-point  corre.spondence  throughout  the 
cycle  in  8  cases,  covering  a  wide  range  of  ovarian  function.  One  of  these 
patients  exhibited  an  anovulatory,  estrogen-deficient  vaginal  series,  with  oral 
smears  demon.st rating  low  cornification  throughout.  Three  patients  showed 
es.sential  cyclic  correspondence  in  both  series,  but  indication  of  ovulation  later 
by  2  to  3  days  in  the  oral  series,  as  compared  to  the  vaginal  smears  and  tem¬ 
perature  records.  For  5  subjects  there  was  no  correspondence  between  the 
vaginal  and  oral  series,  1  patient  showing  an  anovulatory  estrogen-deficient 
pattern  of  vaginal  smears,  no  indication  of  ovulation  from  the  temiierature 
record,  but  uniformly  high  cornification  on  the  oral  smears,  though  without 
evidence  of  cyclic  activity.  There  were  2  patients  with  moderate  to  severe 
periodontal  involvement,  and  indication  of  ovulation  by  the  vaginal  series 
which  demonstrated  fair  to  good  cycle  quality,  in  whom  cyclic  changes  in  the 
oral  smears  were  pos.sibly  obscured  by  local  changes  in  the  gingival  mucosa. 
The  oral  smeai*s  showed  pei-sistcnt  “.sheeting”  or  exfoliation  of  layers  of  uni¬ 
form,  large-nucleated  blue-staining  cells.  One  patient  showing  e8.sentially  good 
correspondence  between  the  vaginal  and  oral  series,  with  a  cycle  of  good 
quality  and  with  only  slight  periodontal  disease,  also  demonstrated  some  inter¬ 
mittent  sheeting  in  the  oral  scries. 

Of  interest  in  the  good  correspondence  group  was  the  parallelism,  not  only 
in  cornification  during  the  follicular  phase,  but  also  the  appearance  on  the  oral 
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smears  of  the  clumped,  folded  eells  eharaeteristie  of  the  vaginal  luteal  phase. 
It  is  probable  that  there  is  a  gradation  of  epithelial  tissue  sensitivity  to  hormone 
effeet  ranging  from  the  most  sensitive  (vaginal  mucosa)  through  other  mucous 
membranes,  such  as  the  oral,  and  extending  to  surface  epithelium,  which  under¬ 
goes  involutional  change  with  estrogen  insufficiency  after  the  menopause,  with 
restoration  to  normal  after  the  administration  of  estrogen.® 

It  is  of  interest  that  even  subjects  with  considerable  gingival  involvement 
secondary  to  the  disease  process  in  the  alveolar  bone  can  still  demonstrate  on 
nral  smears  cyclic  changes  dependent  on  the  changing  endocrine  environment 
during  the  menstrual  cycle. 

SUMMARY 

1.  Thirty-three  female  i)atients  with  periodontosis  were  studied  to  ascertain 
tile  quality  of  ovarian  activity,  emjiloying  indices  of:  serial  vaginal  smears, 
simultaneous  oral  smears  (in  16  cases),  and  basal  body  temperature  records. 

2.  Of  the  33  subjects  studied  by  vaginal  smears,  alone  or  in  conjunction  with 
oral  smears  and  by  temperature  records,  19  showed  ovulatory  cycles  of  good 
quality,  8  of  fair  quality,  and  3  of  poor  quality.  Three  patients  with  anovulatory 
cycles  showed  evidence  of  moderate  to  marked  estrogen  deficiency. 

3.  There  was  some  correspondence  between  the  severity  of  periodontal 
disease  and  the  quality  of  the  ovarian  cycle,  with  15  of  the  19  subjects  demon¬ 
strating  ovarian  cycles  of  good  quality  showing  only  slight  or  moderate 
periodontal  involvement,  in  contrast  to  6  of  the  14  subjects  demonstrating  fair, 
poor,  and  anovulatory  cycles  showing  only  slight  or  moderate  periodontal  in¬ 
volvement.  All  3  anovulatory  cases  showed  severe  involvement. 

4.  Of  the  16  patients  in  whom  .simultaneously  obtained  vaginal  and  oral 
smeara  were  studied,  11  showed  good  eorrespondence  between  the  series,  al¬ 
though  in  3  of  these  there  was  an  indication  of  ovulation  later  by  2  to  3  days 
in  the  oral  series.  Five  patients  showed  no  eorrespondence.  Two  patients  with 
moderate  to  severe  ])eriodontal  disease  showed  fair  to  good  vaginal  cycles,  but 
acyclic  oral  smears  with  persistence  of  exfoliation  of  sheets  of  cells  in  the  oral 
series.  Intermittent  “sheeting”  was  also  observed  in  a  corresponding  oral 
series  of  a  patient  with  a  vaginal  cycle  of  good  quality,  and  slight  periodontal 
involvement. 

5.  There  was  no  distinetive  oral  smear  picture  of  periodontosis,  though 
the  observed  “sheeting”  may  be  related  to  local  gingival  involvement. 
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A  LONGITUDINAL  STUDY  OF  DENTAL  ARCH  WIDTH  AT  THE 
DECIDUOUS  SECOND  MOLARS  ON  CHILDREN  4  TO  8 
YEARS  OF  AGE 

HOWARD  V.  MEREDITH  AND  WAYNE  M.  HOPP 
DeiHirtment  of  Orthodontics  and  Iowa  Child  Welfare  Besearch  Station,  Iowa  City,  Iowa 

PREVIOUS  research  “concerning  the  natural  growth  of  the  width  ...  of 
the  dental  arches”^  has  been  reported  by  Allen,®  Alley,®  Drawley  and  Sed- 
wick,^  Channing  and  Wissler,®  Cohen,®  Goldstein  and  Stanton,®’  ®  Heilman,® 
Henriques,®®  Lancet,®  Lewis  and  Lehman,®®  Meredith  and  Cox,®®  Sillman,®® 
Smyth  and  Young,®®  Wallace,®*  and  Woods.®®  Of  the  North  American  in¬ 
vestigations,  only  those  by  Cohen®  and  Woods®®  “follow  throughout  a  long 
span  of  time  the  process  of  growth  in  each  child  of  a  representative  group  of 
children.”®  Cohen  worked  from  dental  casts.  Woods  from  roentgenograms; 
each  used  a  sample  of  less  than  thirty  children ;  neither  dealt  with  width  be¬ 
tween  the  buccal  surfaces  of  the  deciduous  second  molars. 

OBJECTIVES 

Major  aims  of  the  present  investigation  are : 

1.  To  present  findings  on  the  reliability  of  records  for  maximum 
rectilinear  distance  between  the  buccal  surfaces  of  the  deciduous  sec¬ 
ond  molars.  Reliability  coefficients  are  reported  for  each  dental  arch 
at  3  different  ages, 

2.  To  statistically  describe  interbuccal  width  at  the  deciduous 
second  molars  on  12  age-arch-sex  subgroups  of  North  American  white 
children.  Central  tendency  and  variability  values  are  tabled,  specific 
f(»r  dental  arch  and  sex,  at  ages  4,  6,  and  8  years. 

3.  To  analyze  longitudinal  data  pertaining  to  growth  in  dental 
arch  width  between  4  and  8  years  of  age.  For  a  series  of  77  children, 
changes  with  age  in  transverse  diameter  between  the  lateral-most 
points  of  the  deciduous  second  molars  are  .subgrouped  according  to 
arch  and  sex,  and  the  resulting  distributions  portrayed  and  discussed. 

4.  To  investigate  a  number  of  dental  arch  relationships.  Correla¬ 
tion  statistics  art*  used  to  depict  the  association  between  (a)  arch 
width  at  4  years  and  arch  width  at  8  years,  (b)  arch  width  at  4  years 
ami  change  in  arch  width  fnmi  4  t»>  8  years,  (c)  maxillary  width  and 
mandibular  width  at  4  y(‘ars,  (d)  change  in  maxillary  and  mandibular 
widths  from  4  to  8  years,  (e)  maxillary  width  and  upper  face  width 
at  6  years,  ami  (f)  mandibular  width  and  lower  face  width  at  fi  years. 
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SUBJECTS 

•  The  subjects  were  40  boys  and  37  girls  living  in  or  near  Iowa  City,  Iowa, 
and  enrolled  in  a  long-term  research  program  begun  at  the  State  University 
of  Iowa  in  1946  under  the  joint  sponsorship  of  the  Department  of  Orthodontics 
and  the  Iowa  Child  Welfare  Research  Station. 

At  the  time  of  enrollment  in  the  program  there  were  4  criteria  for  ac¬ 
ceptance:  age  (under  4  years),  race  (white),  geographic  location  (vicinity  of 
Iowa  City),  and  availability  for  longitudinal  study  (willingness  to  participate, 
and  likelihood  of  continuing  residence  in  the  region).  Five  additional  cri¬ 
teria  were  applied  in  selecting  subjects  for  the  present  study :  each  child  was 
required  to  have*  (a)  maxillary  and  mandibular  dental  casts  on  file  at  4,  6, 
and  8  years  of  age;  (b)'4  erupted  deciduous  second  molars  present  at  each 
age;  (c)*4  erupted  deciduous  first  molars  present  at  each  age;  (d)’all  buccal 
surfaces  of  the  deciduous  second  molars  free  of  restorative  dental  work ;  aid 
(e)  ^  developmental  record  showing  no  orthodontic  treatment. 

The  children  were  American-born  and  mainly  of  northwest  European 
ancestry.  For  75  per  cent,  all  4  grandparents  were  immigrants  or  descendants 
of  immigrants  from  the  British  Isles,  Germany,  Scandinavia,  France,  or  the 
Netherlands;  22  per  cent  had  either  (a)  3  grandparents  of  northwest  European 
lineage  and  1  of  central  European  lineage,  or  (b)  2  grandparents  of  northwest 
European  lineage  and  2  of  eastern,  central,  or  southern  European  lineage, 
while  the  remaining  3  per  cent  comprised  one  subjeet  of  each  sex  whose  pro¬ 
genitors  came  from  eastern  and  central  Europe. 

With  reference  to  socioeconomic  status,  the  subjects  are  predominantly 
from  the  professional,  managerial,  and  commercial  groups.  Analysis  of  data 
on  occupation  of  the  fathers  yields  the  following:  in  the  professional  and 
managerial  categories,  68  per  cent;  in  the  commercial  and  skilled  trades  cate¬ 
gories,  23  per  cent ;  and  in  the  unskilled  category,  9  per  eent. 

PROCEDURES  IN  OBTAINING  DATA 

The  source  materials  were  dental  stone  casts  made  from  alginate  im¬ 
pressions.  Special  care  was  used  in  taking  the  impressions  and  in  preparing 
^  the  casts.  In  practically  all  instances  the  impressions  were  obtained  on  the 
child’s  fourth,  sixth,  and  eighth  birthdays,  or  within  2  weeks  of  these  dates. 

On  each  maxillary  and  mandibular  dental  east,  the  maximum  rectilinear 
distance  was  determined  between  the  buccal  surfaces  of  the  right  and  left 
deciduous  second  molars.  All  measuring  was  done  with  sliding  vernier  cali¬ 
pers  checked  for  accuracy  against  a  standard  millimeter  scale.  The  arms  of 
the  calipers  were  first  brought  in  contact  with  the  most  distal  (posterior)  re¬ 
gions  of  the  buccal  surfaces  and  then  applied  in  successively  more  medial 
regions  until  the  greatest  transverse  diameter  was  found.  Measurements  were 
made  to  the  nearest  one-tenth  millimeter,  independently,  by  both  investigators. 

RELIABIUTY  OF  MEASUREMENTS 

Applying  the  Pearson  product-moment  method  of  correlation  (r)  to  the 
series  of  paired  records  for  each  age,  sex,  and  dental  arch,  the  coefficients  in 
Table  I  were  obtained. 
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In  addition,  the  difference  between  each  pair  of  records  was  derived. 
Every  record  obtained  by  the  one  measurer  was  subtracted  from  the  corre¬ 
sponding  record  of  the  other  measurer,  and  the  entire  series  of  differences 
tabulated  in  one  distribution.  This  was  statistically  defensible  since  the  sep¬ 
arate  distributions  from  subgrouping  by  sex,  age,  and  dental  arch  were  equiv¬ 
alent.  It  follows  that  the  40  differences  for  males  at  each  of  the  ages  4,  6, 
and  8  years  on  the  maxillary  and  mandibular  arches,  plus  the  37  differences 
for  females  at  each  of  these  ages  on  both  arches,  gave  a  total  of  462  values 
for  tabulation.  Findings  from  the  distribution  are:  (1)  its  standard  devia¬ 
tion  is  0.12  mm.,  and  (2)  96  per  cent  of  the  differences  lie  between  zero  and 
0.2  mm. 

Table  I 

Reliability  Coefficients  for  Maximum  Transverse  Diameter  Between  the  Buccal 
Surfaces  of  the  Deciduous  Second  Molars  Measured  on  Dental  Casts 
OF  Children  4,  6,  and  8  Years  of  Age 


MAXILLARY 

ARCH 

MANDIBULAR  ARCH 

MALES 

FEMALES 

MALES 

FEMALES 

AGE 

N 

1  r 

N 

r 

N 

1  »• 

N  1 

r 

4 

40 

■■KXiTiTlB 

37 

0.995 

40 

0.995 

37 

0.993 

6 

40 

0.992 

37 

40 

37 

8 

40 

0,996 

37 

40 

0.997 

37 

N  =  number  of  subjects. 

r  =  Pearson  product-moment  correlation  coefficient. 


An  earlier  study^^  had  found  no  difference  between  arch  width  per  se 
(determined  from  series  of  measurements  taken  directly  in  the  mouth)  and 
arch  width  obtained  via  east  replication  and  repeated  measurement. 

Summarizing  for  reliability  and  validity,  the  data  on  arch  width  utilized 
in  this  study  are  highly  dependable.  Both  systematic  and  chance  error  are 
adequately  minimized. 


ARCH  WIDTH  AT  4,  6,  AND  8  YEARS  OF  AGE 

The  measurements  of  dental  arch  width  used  from  this  juncture  forward 
are  composite  values.  In  most  instances  they  are  values  derived  by  averaging 
2  independent  records  for  a  given  arch.  For  the  small  percentage  of  cases 
where  the  2  independent  records  differed  by  more  than  0.2  mm.,  each  measurer 
made  a  second  measurement,  and  the  composite  values  are  averages  of  4  de¬ 
terminations. 

Central  Tendency. — The  series  of  values  for  each  of  the  12  arch-sex-age 
subgroups  were  analyzed  separately.  Columns  3  and  7  of  Table  II  display 
the  means  obtained.  It  will  be  seen : 

/  1.  Maximum  transverse  diameter  between  the  buccal  surfaces  of  the  de¬ 

ciduous  second  molars  increases  with  age.  Generalizing  for  the  2  arches  and 
both  sexes,  there  is  an  average  increase  of  0.8  mm.  between  ages  4  and  6  years, 
^d  0.9  mm.  between  ages  6  and  8  years. 

2.  The  mandibular  arch  is  narrower  than  the  maxillary  arch.  General¬ 
izing  for  both  sexes  and  all  3  ages,  the  means  for  the  maxillary  arch  are  larger 
than  those  for  the  mandibular  arch  by  3.1  ram. 
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3.  Both  of  the  dental  arches  are  wider  in  males  than  in  females.  Gen¬ 
eralizing  for  the  3  ages  and  2  arches,  there  is  an  average  sex  difference  of 
1.9  mm. 

The  over-all  differences  obtained  for  sex  (1.9  mm.)  and  age  (1.7  mm.) 
suggest  that  interbuccal  width  of  the  arches  at  the  deciduous  second  molars 
is  no  greater  in  the  average  female  at  age  8  years  than  in  the  average  male 
at  age  4  years.  Table  II  confirms  this. 

Table  II 

MEA.srREs  OF  Central  Tendency  (mm.)  and  Variability  for  Maximum  Interbuccal  Width 
OF  THE  Dental  Arches  at  the  Deciduous  Second  Moi^ars  on  North  American 
White  Children  4,  6,  and  8  Years  of  Age 


1  'males  I 

FEMALES 

AGE 

1  N 

1  MEAN  1 

S.D.  1  V  1 

1  N 

1  MEAN  1 

S.D.  1 

V 

Maxillary  arch 

4 

40 

47.7* 

2.3  4.7 

37 

46.1 

2.2 

4.8 

6 

40 

48.8 

2.5  5.2 

37 

47.0 

2.1 

4.5 

8 

40 

49.8 

2.5  5.1 

37 

47.7 

2.3 

4.9 

Mandibular  arch 

4 

40 

45.0 

1.7  3.8 

37 

43.1 

1.9 

4.5 

6 

40 

45.7 

1.9  4.0 

37 

43.7 

1.9 

4.5 

8 

40 

46.6 

1.8  3.9 

37 

44.5 

2.0 

4.6 

S.D.  =  standard  deviation  (mm.) 

V  =  coefficient  of  variation  (%). 

•The  standard  errors  are  not  listed  individualiy.  Their  magnitude  varies  from  0.3  mm. 
to  0.4  mm.  for  the  means,  and  from  0.2  mm.  to  0.3  mm.  for  the  standard  deviations. 

Additional  central  tendency  findings  accrue  from  comparison  of  the 
Table  II  means  with  means  from  previous  studies.  Goldstein  and  Stanton® 
measured  “the  greatest  distance  between  the  right  and  left  .  .  .  buccal  aspects 
of  the  deciduous  second  molars,”  in  both  archc^^,  on  60  American-born,  white 
males  5  and  8  years  of  age  selected  as  having  “normal  dental  occlusion.” 
Their  means  are  no  larger  (explicitly,  they  average  0.4  mm.  smaller)  than 
those  of  the  present  study. 

Another  study  by  Goldstein  and  Stanton^  utilized  300  children  between 
4  and  8  years  of  age  “with  both  normal  and  abnormal  occlusion.”  These  chil¬ 
dren  were  of  both  sexes,  “mainly  of  the  middle  class  .  .  .  preponderantly  of 
American  stock,”  and  untreated  orthodontically.  In  each  dental  arch,  the 
means  for  “maximum  width  between  buccal  aspects,  at  gum  line,  of  deciduous 
second  molars”  arc,  on  the  females,  practically  the  same  as  those  of  the  present 
study  and,  on  the  males,  around  0.8  mm.  lower  than  those  of  the  present  study. 

Alley,®  Cohen,®  and  Lewis  and  Lehman”  studied  transverse  distances  be¬ 
tween  the  deciduous  second  molars  using  termini  lingual  to  the  buccal  surfaces. 
Their  subjects  were  drawn  in  New  York,  Minneapolis,  and  Detroit. 

On  the  maxillary  arch,  the  distance  between  “the  points  of  the  mesio- 
lingual  cusps”  was  measured  by  Cohen,  and  by  Lewis  and  Lehman.  Alley 
(a)  reproduced  “the  bucco-lingual  outline  of  the  form  of  the  teeth  at  the 
gingival  margin,  together  with  .  .  .  the  mesio-distal-contact  diameters  of  the 
teeth,”  and  (b)  located  each  terminus  as  “the  point  of  intersection  of  the 
central  mesio-distal  and  bucco-lingual  diameters.”  The  maxillary  means  of 
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1h(‘  present  stiuly  cxcet'd  Alley’s  bicentioid  means  by  9,8  mm.  They  are  buffer 
than  the  two  scries  of  bimesiolingiial-cusp  means  by  13.4  mm,  (Cohen)  and 
13.6  mm.  (Lewis  and  Lehman). 

The  width  termini  were  the  same  for  the  mandibular  arch  as  for  the 
maxillary  arch  in  the  Alley  and  Cohen  studies.  Lewis  and  Lehman  measured 
the  distance  between  “the  central  fossae”  of  the  lower  deciduous  second 
molars.  In  comparison  with  the  mandibular  means  of  the  present  study,  the 
bicentroid  means  of  Alley  are  smaller  by  8.7  mm.,  the  bicentral-fossa  means 
of  Lewis  and  Lehman  smaller  by  10.3  mm.,  and  the  bimesiolingual-cusp  means 
of  Cohen  smaller  by  15.1  mm. 

Variability. — The  spread  of  the  individual  measurements  w’ithin  each  arch¬ 
age-sex  subgroup  is  described  in  2  ways:  (1)  by  the  standard  deviation  and 
coefficient  of  variation,  and  (2)  by  a  selected  group  of  percentiles.  The  stand¬ 
ard  deviation  summarizes  the  dispersion  of  a  distribution  in  one  value,  thereby 
facilitating  comparison  of  the  over-all  variability  of  different  distributions. 
Selected  percentiles  characterize  a  distribution  less  succinctly,  but  provide  a 
conveniently  usable  description  of  individual  differences  for  clinical  reference. 

Tables  II  and  III  present  the  variability  results.  Selected  findings  from 
Table  II  are : 

1.  The  standard  deviations  for  the  12  arch-age-sex  subgroups  vary  be¬ 
tween  1.7  mm.  and  2,5  mm.  Corresponding  values  for  the  coefficient  of  varia¬ 
tion  fall  between  3.8  per  cent  and  5.2  per  cent. 

2.  For  males,  maxillary  arch  width  is  more  variable  than  mandibular  arch 
width.  This  is  true  both  absolutely,  as  expressed  by  the  standard  deviations, 
and  relatively,  as  expressed  by  the  coefficients  of  variation.  A  like  finding  w  as 
secured  in  an  earlier  study  of  “maximum  transverse  diameter  between  the 
permanent  first  molars”  on  9-year-old  males.’*  Here,  the  specific  S.D.  and  V 
values  were  2.6  mm.  and  4.6  per  cent  for  the  maxillary  arch,  2.0  mm.  and  3.7 
per  cent  for  the  mandibular  arch. 

3.  The  indication  of  greater  variability  in  maxillary  arch  width  for  fe¬ 
males  (as  well  as  males)  harmonizes  with  the  standard  deviations  from  sex- 
arch  subgrouping  obtained  by  Cohen.®  Further,  the  standard  deviations  re¬ 
ported  by  Alley,*  Goldstein  and  Stanton,*  and  Lewis  and  Lehman,”  for  both 
sexes  combined,  are  slightly  higher  on  the  maxillary  arch  than  on  the  man¬ 
dibular  arch. 

Table  III  shows: 

1.  At  4  years  of  age,  10  per  cent  of  the  maxillary  arch  width  measure¬ 
ments  for  males  were  less  than  44.2  mm.,  50  per  cent  between  46.2  mm.  and 
49.3  mm.,  and  10  per  cent  more  than  50.6  mm.  Correspondingly  for  4-year-old 
females,  the  narrowest  one-tenth  of  the  maxillary  arch  widths  were  below  43.4 
mm.,  the  middle  one-half  hetw'een  44.9  mm.  and  47.4  mm.,  and  the  w'idest  one- 
tenth  above  48.9  mm. 
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2.  For  80  per  cent  of  the  males  studied  at  age  6  years,  mandibular  arch 
width  WHS  b(‘tweeu  42.6  mm.  (tenth  percentile)  and  48.0  mm.  (ninetieth  per¬ 
centile).  Eighty  per  cent  of  the  6-year-old  females  had  mandibular  wnlths 
between  41.2  mm.  and  46.1  mm. 

3.  Two  8-year-old  children,  1  male  and  1  female,  had  maxillary  arch 
widths  of  47.0  mm.  Reference  to  Table  III  shows  the  arch  of  the  male  to  be 
moderately  narrow  and  that  of  the  female  average.  Two  other  children  the 
same  age,  one  of  each  sex,  had  mandibular  arch  widths  of  47.0  mm.  Table  III 
indicates  that  the  arch  of  the  male  is  about  average  and  that  of  the  female 
moderately  wide.  These  examples  suffice  to  illustrate  the  clinical  usefulness 
of  Table  111  as  a  frame  of  reference. 

Tablk  III 

Values  (mm.)  Representing  Twelve  Distributions  for  Maximum  Interbuccal  VViuth 
OP  THE  Dental  Arches  at  the  Deciduous  Second  Molars  on  North  America.v 
White  Children  4,  6,  and  8  Years  ok  Age 


AGE 

SEX 

MINIMUM 

PERCENTILES  | 

MAXIMUM 

1  10  1 

25  1 

75  1 

90  1 

Maxillary  arch 

4 

Males 

41.9 

44.2 

46.2 

49.3 

50.6 

51.7 

Females 

38.8 

43.4 

44.9 

47.4 

48.9 

50.6 

6 

Males 

42.8 

45.1 

47.0 

50.6 

52.1 

52.9 

Females 

40.1 

44.6 

45.7 

47.9 

49.6 

51.5 

H 

Males 

44.3 

46.0 

48.0 

51.8 

53.0 

54.2 

Females 

40.6 

45.2 

46.1 

48.6 

51.5 

52.5 

Mandibular  arch 

4 

Males 

41.2 

42.2 

43.8 

46.2 

47.0 

48.1 

Females 

38.6 

40.2 

41.7 

44.4 

45.6 

46.7 

6 

Males 

41.2 

42.6 

44.5 

47.1 

48.0 

48.4 

Females 

39.1 

41.2 

42.5 

44.9 

46.1 

48.3 

8 

Males 

42.6 

43.4 

45.5 

48.0 

48.9 

49.7 

Females 

40.3 

41.4 

43.3 

45.8 

47.3 

48.8 

CHANGE  IN  ARCH  WIDTH  BETWEEN  4  AND  8  YEARS  OE  AGE 
Since  measurements  were  obtained  on  every  subject  at  4  years  of  age 
and  exactly  4  years  later,  it  was  possible  to  analyze  the  changes  in  arch  width 
over  this  4-year  span.  For  each  of  the  77  subjects,  maxillary  width  at  4  years 
was  subtracted  from  maxillary  width  at  8  years.  The  same  procedure  was 
followed  for  the  mandibular  arch.  Tables  IV  and  V  display  central  tendency 
and  variability  statistics  from  these  data. 


,  Table  IV 

Means  and  Standard  Deviations  (mm.)  ^xir  Increase  Between  4  and  8  Years  ok  Age  in 
Maximum  Interbuccal  Width  ok  the  Dental  Arches  at  the  Deciduous  Secxind  Molars 


DENTAL  ARCH  | 

MALES 

KEMALES 

N 

1  MEAN  1 

S.D. 

1  K 

1  MEAN  1 

S.D. 

Maxillarv 

40 

2.1 

0.80 

37 

1.6 

1.02 

Mandibular 

40 

1.6 

0.82 

37 

1.4 

0.82 

Volume  3> 
Number  6 


DENTAL  ARCH  WIDTH  AT  DECIDUOUS  SECOND  MOLARS 


885 


Central  Tendency. — Findings  with  reference  to  Table  IV  are : 

1.  Taking  the  4  arch-sex  subgroups  together,  the  mean  increase  between 
4  and  8  years  of  age  in  maximum  interbuecal  width  at  the  deciduous  second 
molars  is  1.7  mm.  Expressed  in  annual  terms  this  represents  an  average  gain 
of  approximately  0.4  mm.  per  year. 

2.  Combining  the  sexes,  the  mean  increment  between  4  and  8  years  of  age 
is  1.9  mm.  in  the  maxillary  arch,  and  1.5  mm.  in  the  mandibular  arch.  Cohen,® 
from  his  study  of  width  between  the  mesiolingual  cusps  on  28  children  of 
both  sexes,  obtained  means  for  the  same  4-year  period  of  1.1  mm.  on  each  arch. 
It  is  possible  that  the  higher  increment  means  of  the  present  investigation  are 
due,  at  least  partly,  to  control  on  the  variable  of  forward  migration  of  decidu¬ 
ous  second  molars,  one  requirement  in  sample  selection  being  presence  of  all 
4  deciduous  first  molars  at  every  age. 

3.  For  the  maxillary  dental  arch,  the  mean  increase  between  4  and  8 
years  of  age  is  2.1  mm.  for  males,  and  1.6  mm.  for  females.  This  difference 
between  the  sexes  is  statistically  significant  at  the  2  per  cent  level  of  confidence 
{t  =  2.46).  For  the  mandibular  arch,  the  mean  increase  from  4  to  8  years  of 
age  is  1.6  mm.  for  males,  and  1.4  mm.  for  females.  Here,  there  is  not  a  statis¬ 
tically  significant  sex  difference. 


Table  V 

Values  (mm.)  Depicting  Four  Distributions  for  Increase  in  Maximum  Interbuccal 
Width  op  the  Dental  Arches  at  the  Deciduous  Second  Molars  Over  the  Period 
From  4  to  8  Years  or  Age 


PFJICENTILES 

SEX 

MINIMUM 

10 

1  25  1 

75  1 

90 

MAXIMUM 

Males 

0.0 

0.8 

Maxillary  arch 

1.7 

2.6 

2.9 

3.4 

Females 

-0.5 

0.4 

0.8 

2.2 

3.3 

3.8 

Males 

0.0 

0.0 

Mandibular  arch 

1.0 

2.0 

2.6 

3.5 

Females 

-0.5 

0.5 

0.9 

1.9 

2.4 

3.6 

Variability. — Table  V  yields  findings  of  the  following  order: 

1.  There  are  individuals  of  both  sexes  who  show  no  increase  whatever  in 
dental  arch  width  between  4  and  8  years  of  age.  At  the  other  extreme,  there 
are  individuals  of  both  sexes  who  register  orthodontically  unintluenced  width 
increases  in  the  vicinity  of  3.5  mm. 

2.  For  the  maxillary  arch,  80  per  cent  of  the  males  increased  between  0.8 
mm.  and  2.9  mm.  over  the  4-year  period.  On  the  mandibular  arch,  10  per  cent 
of  the  increases  are  less  than  0.6  mm.,  50  jier  cent  between  l.O  mm.  and  2.0  mm., 
and  10  per  cent  more  than  2.6  mm. 

Additional  material  jiertaining  to  normal  growth  in  dental  arch  width  at 
the  deciduous  secoml  molars  is  availalile  from  Ainsworth,”  (’hapman,‘*’ 
(loldstein  and  Stanton,"  l  ancet,’  Sehwarz,^''’’  *’  Stanton,®*  ami  Wallace.’*  Oold- 
stein  and  Stanton  report  group  analyses  covering  annual  intervals,  the  others 
give  increments  for  imiividuals  over  perioils  varying  from  2  years  to  6  years. 
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Tabic  VI  brings  together  the  increments  for  individuals.  Ainsworth, 
Chapman,  Lancet,  and  Schwarz  took  interbuccal  measurements,  Stanton  bi- 
eentroid  measurements,  and  Wallace  interlingual  measurements.  All  of  the 
children  were  described  as  presenting  normal  occlusion,'*’  normal  dental 
arches,'®’ or  developmental  conditions  uninfluenced  by  orthodontic  treat¬ 
ment.'’  "’ 

Goldstein  and  Stanton  analyzed  data  for  change  in  width  between  the 
buccal  aspects  of  the  deciduous  second  molars  obtained  on  groups  of  children 
measured  at  2  or  more  ages  1  year  apart.  Table  VII  reproduces  their  findings 
for  3  annual  periods  on  children  with  normal  occlusion. 

Table  VI 

Increments  for  Width  at  the  Deciduous  Second  Molars  on  Individual  Children  With 

Normal  Dental  Arches 


INCREASE  IN  MILLIMETERS 


INVESTIGATOR  | 

AGE  INTERVAL  \  MAXILLARY  ARCH  | 

mandibular  arch 

Chapman  (1915) 

4.0-  9.2* 

2.2 

1.8 

Schwarz  (1925) 

3.5-10.0 

3.0 

Lancet  (1930) 

5.5-  7.5 

1.1 

1.2 

Schwarz  (1933): 

4.0-  7.0 

2.0 

4.0-  7.0 

1.5 

5.7-10.0 

1.0 

Ainsworth  (1935) 

6.5-10.0* 

2.7 

1.8 

Chapman  (1935) : 

3.8-  6.0** 

1.0 

5.6-  9.4** 

3.5 

Stanton  (1935) 

4.8-  6.9 

1.5 

0.9 

Wallace  (1937) 

3.5-  8.2* 

2.4 

0.6 

•Males. 

••Females  (sisters). 

Table  VII 

Findings  From  Goldstein  and  Stanton  for  Annual  Change  in  Arch  Width  at  the 

Deciduous  Second 

Molars  on  White  American-Born  Children 

OF  Both  Sexes 

Having  Normal  Occlusion 

1  PERCENTAGE  OF  CHILDREN  SHOWING  CHANGE  OF: 

I.ESS  THAN  1 

-0.2  MM.  TO 

MORE  THAN 

AGE  interval 

N  -0.2  MM.  1 

-^0.2  MM. 

-^0.2  MM. 

Maxillary  arch 

3  4 

29  17 

28 

55 

5  6 

61  18 

30 

52 

7-8 

31  3 

23 

74 

Mandibular  arch 

3-4 

36  28 

30 

42 

5  6 

59  12 

35 

53 

7-8 

28  4 

32 

64 

CORREI.ATION  FINDINGS 

Relations  Between  the  Ttvo  Arches, — The  relationship  of  the  maxillary 
arch  to  the  mandibular  arch  w'as  studied  in  2  ways:  (1)  by  correlating  widths 
of  the  2  arches  at  4  years  of  age,  and  (2)  by  correlating  width  changes  in  the  2 
arches  between  4  and  8  years  of  age.  For  both  jmrpo.ses,  the  Pearson  iirodiict- 
moment  method  of  exiiressing  concomitance  was  employed. 

For  maxillary  interbuccal  width  between  the  deciduous  second  molars  at 
4  years,  with  the  corresponding  mandibular  arch  diameter  at  this  ag<‘,  the 
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obtained  coefficients  of  correlation  are  0.73  on  the  40  males,  and  0.89  on  the 
37  females.  These  r’s  are  of  the  same  order  as  those  secured  earlier  (0.76  and 
0.79)  for  interbuccal  width  at  the  permanent  first  molars  on  children  9  years 
of  age.^* 

Investigation  of  the  association  between  change  in  maxillary  interbuccal 
width  at  the  deciduous  second  molars  over  the  age  period  4  to  8  years,  and 
change  in  the  corresponding  mandibular  dimension  over  the  same  period, 
yields  r’s  of  0.67  and  0.77  on  males  and  females,  respectively.  Summarizing 
/with  reference  to  both  width  and  change  in  width,  the  2  arches  are  moder- 
'''  ately,  but  not  highly,  related. 

It  follows  that  predictions  of  size  or  change  in  one  arch  from  information 
regarding  size  or  change  in  the  other  would  be  subject  to  considerable  error. 
In  statistical  terms,  the  indices  of  prediction  efficiency  for  r’s  of  the  above 
magnitude  lie  between  25  and  55  per  cent.®* 

Relations  Pertaining  to  Age. — For  each  arch  separately,  2  problems  were 
studied:  (1)  the  relationship  between  arch  width  at  age  4  years  and  arch 
width  at  age  8  years,  and  (2)  relationship  between  arch  width  at  age  4  years 
and  change  in  arch  width  over  the  age  period  4  to  8  years.  As  before,  the 
statistic  computed  was  the  Pearson  r. 

The  maxillary  coefficients  from  correlating  width  at  age  4  years  with 
width  at  age  8  years  are  0.93  for  the  40  males  and  0.90  for  the  37  females. 
Comparable  mandibular  r’s  of  0.90  and  0.91  were  obtained.  Generalizing,  in 
both  dental  arches  there  is  a  moderately  high  association  between  interbuccal 
width  of  the  deciduous  second  molars  at  age  4  years  and  the  same  width  4 
years  later.  The  index  of  prediction  efficiency  for  r  =  0.91  approximates 
60  per  cent. 

Pearson  r  results  from  correlating  width  of  arch  at  age  4  years  with  change 
in  width  of  arch  during  the  period  from  4  to  8  years  are  as  follows:  for  the 
maxillary  arch,  0.13  and  -0.08  on  males  and  females,  respectively  ;  and  on  the 
mandibular  arch,  -0.09  and  -0.011  on  males  and  females,  respectively.  In 
^ther  words,  no  statistically  significant  association  is  found  between  inter¬ 
buccal  width  of  the  deciduous  second  molars  at  age  4  years  and  change  in  this 
width  over  the  succeeding  4-year  age  span. 

Relation.^  of  Arch  and  Face  Widths. — Relation.ships  were  studied  for  (1) 
maxillarj'  arch  width  with  width  of  the  upper  face,  and  (2)  mandibular  arch 
width  with  width  of  the  lower  face.  The  data  on  upper  face  width,  bi¬ 
zygomatic  diameter,  were  secured  by  direct  measurement ;  the  data  on 
lower  face  width,  bigonial  diameter,  from  mea.surement  of  post e roan terior 
roentgenograms.  Detailed  descriptions  «>f  both  procedures,  including  in¬ 
formation  on  their  reliabilities,  have  b(>en  ])ublished  el.sewhere.-^- 

Pearson  correlation  coefficients  were  calculate<l  on  tin*  40  male  subjects 
measured  at  age  6  yeai-s.  For  bizyg<nnatie  diameter  and  maxillary  ijiterbuccal 
width  at  the  deciduous  second  molars  r  =  0.37,  for  bigonial  diameter  and 
mandibular  interbuccal  width  at  the  deciduous  s«‘cond  nudars  r  =  0.40.  Both 
coefficients  are  statistically  significant  at  the  5  per  cent  level  of  confidence. 
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Several  previous  studies  of  the  association  between  widths  of  the  max¬ 
illary  arch  and  width  of  the  upper  face  are  reviewed  in  a  paper  by  Meredith 
and  Higley.**  Representative  findings  for  the  childhood  years  are:  r  =  0.33 
for  bizygomatic  diameter  with  width  at  the  deciduous  first  molars  on  98  children 
2  to  5  years  of  age,  r  =  0.33  for  bizygomatic  diameter  with  width  at  the  decidu¬ 
ous  second  molars  on  34  females  5  years  of  age,  and  r  =  0.38  for  bizygomatic 
iliameter  with  width  at  the  permanent  first  molars  on  342  males  8  to  14  years 
of  age.  On  the  whole,  results  to  date  indicate  that  throughout  childhood  the 
efficiency  of  predictions  of  arch  width  from  measurements  of  face  width  is 
b‘ss  than  10  per  cent. 

SUMMARY 

Major  sections  of  this  report  treat:  reliability  of  arch  width  mea.surc- 
ments  taken  between  the  buccal  aspects  of  the  deciduous  second  molars;  age 
and  sex  differences  in  width  of  the  dental  arches;  growth  of  individuals  from 
4  to  8  years  of  age  in  maxillary  and  mandibular  arch  width;  and  relation¬ 
ships  between  arch  size,  arch  change,  and  face  size. 

The  subjects  were  77  North  American  white  children.  Each  had,  through¬ 
out  the  4-year  period  studied,  8  erupted  deciduous  first  and  second  molars 
free  from  restorative  dental  work  and  orthodontic  treatment. 

Selected  findings  are: 

1.  Maximum  transverse  diameter  of  the  dental  arches  at  the  deciduous 
second  molars  can  be  determined  with  high  dependability.  Reliability  co¬ 
efficients  approximate  r  =  0.995,  and  differences  between  independent  records 
rarely  exceed  0.2  mm. 

2.  Interbuccal  width  at  the  deciduous  second  molars  differs  with  arch, 
sex,  and  age.  On  the  whole,  the  maxillary  arch  is  3.1  mm.  wider  than  the 
mandibular  arch,  the  male  arches  are  1.9  mm.  wider  than  the  female  arches, 
and  the  dental  arches  at  age  4  years  are  1.7  mm.  narrower  than  at  age  8  years. 

3.  The  maxillary  dental  arch  is  slightly  more  variable  than  the  mandibu¬ 
lar  dental  arch.  Typifying  standard  deviations  are  2.3  mm.  for  the  maxillary 
arch  and  1.9  mm.  for  the  mandibular  arch. 

4.  Changes  in  arch  width  between  4  and  8  years  of  age  differ  widely  from 
child  to  child.  Some  arches  are  no  wider  at  8  years  than  at  4  years,  while 
others  increase  as  much  as  3.5  mm.  in  this  4-year  interval. 

5.  The  two  dental  arches  are  positively  related  with  regard  to  both  size 
at  a  given  age,  and  change  in  size  with  advance  in  age.  The  association  be¬ 
tween  width  of  the  two  arches  at  age  4  is  represented  by  r  =  0.8,  that  be¬ 
tween  width  change  in  the  two  arches  from  4  to  8  yeare  by  r  =  0.7. 

6.  There  is  a  moderately  high  relationship  between  width  of  a  given  arch 
at  4  years  and  width  of  the  same  arch  at  8  years,  but  there  is  no  relationship 
between  width  of  a  given  arch  at  4  years  and  change  in  width  between  4  and 
8  years.  The  r  values  ai)proximate  0.9  and  zero,  respectively. 

7.  (Correlations  Initween  dental  arch  widths  and  widths  of  the  face  are  posi¬ 
tive  but  fairly  low.  The  r’s  lie  close  to  0.4  for  both  maxillary  arch  width  with 
Itizygomatic  diameter  and  mandibular  arch  width  with  bigonial  diameter. 
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THK  (’ORRKLATIOX  OF  THE  INCLINED  PLANES  OF  THE 
ARTKHJLAR  SFRFACE  OF  THE  GLENOID  FOSSA  WITH 
THE  (T'SPAL  AND  PALATAL  SLOPES  OF  THE  TEETH 
KIJITH  KOYOUMDJISKY 

l>(  jKirtmi  nt  of  Physiolof/y  and  Division  of  Dental  Jtescarch,  Faculty  of  Medicine,  Columbia 

University,  New  York,  N.  T. 

INTRODUCTION 

The  assumption  that  a  relationship  exists  between  the  articular  tooth  sur¬ 
face's  and  the  articular  plane  of  the  temporomandibular  joint  is  usually 
made.  (Complete  and  jiartial  ilentures  are  desiffned  on  this  basis.’*®  Contrary 
to  this  jioint  of  view  is  the  observation  that  the  teeth  do  not  contact  during 
ma.stication.* 

From  the  evolutionary  point  of  view  postural  changes  are  possible  under¬ 
lying  factors  for  the  formation  of  the  human  fos.sa  mandibularis.®  Studies  of 
the  masticatory  mu.scles®’  ‘  as  well  as  of  the  histology  of  the  temporomandibular 
joint  suggest  that  the  joint  is  subject  to  functional  stresses.®  Although  the 
form  of  the  cranial  bones  may  be  modified  through  masticatory  muscular  func¬ 
tion,  evidence  for  a  role  played  by  the  dental  structures  in  cranial  form  is  incon¬ 
clusive. 

It  appearwl  that  if  exact  measurements  of  the  joint  and  tooth  surface  in¬ 
clinations  were  made,  the  resulting  data  could  be  correlated  so  as  to  secure  evi¬ 
dence  relating  to  this  problem.  The  results  of  these  .studies  are  presented  below, 

-  PART  I 

In  order  to  determine  whether  a  correlation  exists  between  the  inclined 
lilanes  of  the  articular  slope  of  the  glenoid  fossa  and  the  cuspal  and  palatal  in¬ 
clined  planes  of  the  teeth  of  skulls,  a  measuring  device  was  constructed  as 
(hm-ribed  below.  The  instrument  consisted  of  2  parts,  a  headholder  and  a  meas¬ 
uring  device. 

A.  Headholder  (Craniophore). — A  facebow  with  adjustable  ear  rods  was 
attached  to  the  clasps  of  3  test  tub<*  holders.  Two  of  the  clasps  were  screwed 
to  the  ear  rod  tubes  of  the  facelmw.  The  third  was  attached  to  the  curvature 
of  the  l)ow.  All  3  clasps  were  adju.sted  to  the  same  height,  so  that  the  facebow 
was  fixed  in  a  horizontal  jilane.  This  combination  of  facebow  and  test  tube  hold- 
ei-s  met  the  nspiirements  of  an  anthroiumietrie  “open  craniophore”®  (Figs. 
2  and  3). 

This  paper  is  based  on  a  thesis  submitted  in  partial  fulflllment  of  requirements  for  a 
Certifleate  of  Training  in  Orthodontics,  Columbia  University.  School  cf  Dental  and  Oral 
Surgery  of  the  Faculty  of  Me<llcine. 

Received  for  publication  July  7,  1955,  revised  by  author  July  11,  1956. 
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B.  Measuring  Device. — An  instrument  was  constructed*  to  measure  in  milli¬ 
meters  the  3  dimensions  of  the  {jlenoid  fossa  and  the  dental  cusps  (Fig.  1). 

The  base  (A)  consists  of  a  square,  heavy  metal  frame.  Tn  its  parallel  sides 
a  ledge  accommotlates  a  sliding  platform  which  is  regulated  by  means  of  a  screw 
attached  both  to  the  frame  and  to  the  platfonn  (Fig.  1,  A).  The  distance  trav¬ 
ersed  by  the  platform  is  registered  in  millimeters  on  a  ruler  attached  to  one 
of  the  sides  of  the  frame. 


FIs.  1. — Plane  recorder. 


From  the  center  of  the  sliding  platform  a  vertical  rod  (Fig.  I,  D)  is  at¬ 
tached  at  right  angles  to  the  ba.se.  The  rod  is  long  enough  to  allow  sufficient 
room  for  the  accommodation  of  different  sizes  of  skulls  in  the  headholder. 

A  graduated  horizontal  bar  (Fig.  1,  (’)  is  attached  at  right  angles  to  the 
free  end  of  the  rod.  Along  this  horizontal  bar  a  graduatnl  iwinter  (Fig.  1,  D) 
slides  in  a  tube  attached  to  a  small  platform.  This  platform  is  at  right  angles 
to  the  graduated  horizontal  bar  and  slides  along  it.  The  vertical  pointer  (/>), 
marketl  in  millimeter  units,  moves  up  and  down  freely. 

The  3  parts  of  the  device  an*  attached  to  each  other  in  such  a  manner  that 
they  move  in  3  dimensions:  The  platform  (A)  moves  back  and  forth;  the  grad¬ 
uated  pointer  (/>)  moves  from  right  to  left  and  up  and  down.  Any  amount  of 
movement  in  the.se  3  directions  can  be  lead  off'  in  millimeters  and  can  lx*  re¬ 
corded  on  millimeter  graph  paper. 

*  Parts  of  a  §rnathostatic  surveillor  were  used. 
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METHOD 

A.  Fixation  of  the  Skull. — With  the  norma  basilaris  up,  the  skull  is 
mounted  on  the  eraniophore  by  means  of  the  ear  rods  inserted  into  the  pori 
aeustici  externi.  The  ear  rods  are  at  an  equal  distance  from  the  mid-sagittal 
plane.  The  curvature  of  the  facebow  embraces  the  region  of  the  occipital  bone, 
leaving  the  facial  structures  open  and  easily  accessible  (Fig.  2).  The  third 
|)oint  determining  the  Frankfort  horizontal  plane,  to  which  all  skulls  are 
oriented,  is  established  by  means  of  an  anatomic  pointer  (Fig.  IF)  fixed  at  the 
same  height  as  the  ear  rods.  The  pointer  touches  the  most  inferior  point  of  the 


Kik.  2. — Plane  recorder  with  pointer  in  poaition  to  measure  articular  surface. 

infraorbital  ridge  (orbitale)  (Figs.  2  and  3).  The  Frankfort  horizontal  plane 
remaiiLs  fixed  at  the  same  level  for  all  .skulls,  so  that  registrations  in  the  vertical 
dimension  for  different  skulls  may  Ik*  compared. 

H.  Fixation  of  Plane  Hevorder. — After  the  skull  is  mounttsl  in  the  cranio- 
phore,  the  measuring  instrument,  which  is  referred  to  as  a  plane  recorder,  is 
brought  to  the  skull  from  its  ventral  side  in  such  a  way  that  the  horizontal  bar 
(f)  lies  in  parallel  plane  with  the  plane  formed  by  the  2  ear  rods  passing 
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thiHnigh  the  external  aeoustic  meat!  (Fij's.  2  and  3).  Thus  a  stable  and  fixrd 
relationship  ladween  the  two  units  of  the  setup  is  established:  (1)  Both  eranio- 
phore  and  plaiie  reeorder  stand  on  the  same  horizontal  plane  (in  this  ease  the 
table  t<»p) ;  (2)  liy  parallelin}>;  the  horizontal  bar  with  the  plane  passing 
through  the  ear  rods,  the  mesiolateral  movements  of  the  graduated  vertical 
pointer  remain  perpendicular  to  the  sagittal  plane;  and  (3)  Since  the  horizontal 
bar  is  at  right  angles  to  the  sliding  platform,  the  anteroposterior  movements  of 
the  platform  are  parallel  to  the  sagittal  plane. 


KIk.  3. — Plane  recorder  with  pointer  in  position  to  measure  dental  cusps. 

Measuririff  the  inclination  of  the  fossa  (Fig.  :i):  The  measimnnents  of  the 
anterior  wall  of  the  glenoid  fos.sa  are  carried  out  anteixiposteriorly  and  latero- 
m(*dially,  i.e.,  (a)  starting  distally  to  the  zygomatic  arch  near  the  articular 
eminence,  moving  backward  towaril  the  HtKir  of  the  glenoid  fossa,  along  the 
articular  surface  of  its  anterior  wall,  and  (h)  moving  in  the  direction  of  the  mid- 
saggittal  plane.  Lateromesial  measurements  are  taken  at  two  millimeter  inter¬ 
vals,  giving  cross-section  registrations  of  the  articular  eminence,  anterior  slope, 
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find  riiiidus  of  lli(‘  y:l(*noi<l  I'nssa.  On  llio  avcrajrc,  8  to  9  cros.s-sccl ional  inoasniv- 
niont.s  at  2  niillimi'ti'r  intervals  are  neeessai-y  to  deterniiin?  the  slopes  of  tin' 
entiri'  i’o.ssa  from  latoral  to  medial  (Kig.  5). 

Assuminfr  that  the  ffraduated  vertieal  jminter  is  at  the  most  ventral  point 
of  the  eniinenee,  and  medial  from  the  most  lateral  point  of  the  artieular  emi¬ 
nence,  the  distance  is  read  off  in  millimeters  on  the  vertical  pointer,  and  re¬ 
corded  on  millimeter  {jraph  paper.  It  is  related  to  the  horizontal  coordinate  ac¬ 
cepted  as  the  projection  of  the  Frankfort  horizontal  plane.  By  turninpr  the 
screw,  the  sliding?  platform  (Fig.  1,  .1)  is  then  moved  1  millimeter  from  anterior 
to  ])osterior  bringing  the  vertical  bar  into  a  new  relationship  with  the  fos.sa. 


Kig.  4. — AP  =  anteroposterior  cross  section  of  glenoid  fossa;  d-f  =  direction  of  movement 
of  stifling  platform;  cd  =  initial  position  of  vertical  pointer;  ef  =  final  position  of  vertical 
pointer;  2  through  IS  =  intermediate  positions  of  vertical  pointer  at  i  mm.  intervals. 

The  distance  in  2  (Fig.  4)  is  obviously  larger  than  in  1  since  the  vertieal  pointer 
slides  down  on  the  incline  of  the  anterior  wall  as  the  sliding  platform  is  moved 
distally.  This  distance  is  recorded  on  the  graph  paper,  using  the  method  of 
fimling  a  j)oint  in  the  ccxirdinate  .system  when  the  values  of  the  abscissa  and 
the  ordinate  are  known. 

The  sliding  jilatform  is  moved  distally  1  millimeter  after  the  recording  of 
each  jioint  until  the  deepest  jioint  of  the  flimr  of  the  fo.ssa  is  reached.  The  dif¬ 
ferent  points  thus  obtained  at  1  millimeter  intervals  are  then  connected.  The 
resulting  sigmoid  curve  is  the  exact  projection  of  the  measured  cross  section  of 
the  articular  surface.  Then  the  vertieal  pointer  is  moved  2  millimeters  mesially 
toward  the  mid-sagittal  plane  and  the  entire  procedure  is  repeated  for  another 
cro.ss  section.  Ri'peated  measurements  of  this  kind  give  a  full  picture  of  the 
anterior  fossal  incline  in  a  number  of  cross  sections  (Fig.  5). 

Dental  measurements  (Fig.  6):  The  measurements  of  cuspal  slopes  of 
teeth  are  carried  out  in  the  same  way  as  those  for  the  fos.sa,  and  are  recordetl 
in  the  same  manner.  Three  measurements  at  1  millimeter  intervals  are  sufficient 
to  determine  each  cuspal  slope.  The  same  prcM'edure  is  repeated  on  the  opimsite 
side  of  the  skull. 

In  order  to  establish  the  angulation  of  the  inclined  planes,  the  following 
technuiue  is  apjilied;  (1)  For  the  fo.ssa,  a  tangent  to  the  slope  between  the  2 
pointa  of  inflection  is  drawn.  The  angle  between  the  tangent  and  the  horizontal 
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ivfjisti’atiou  iilano  jriv(*s  the  an^le  oi‘  the  ineliiiation  of  the  slojie  of  the  anterior 
wall  of  the  glenoid  fossa;  (2)  For  the  teeth  the  line  recorded  by  means  of  the 
measurements  of  the  cuspal  and  palatal  inclined  planes  is  extended.  The  angle 
formed  between  the  extension  and  the  plane  of  registration  (absci.ssa)  gives 
the  angulation  of  the  inclination  of  the  cusi)al  and  palatal  slopes. 


un  ARTICULAR  CniNtNCe«bLLNOlDro&SH  RiRKT 

MT  He»  14' 


Fis.  6. — Registration  chart. 


PART  II 
MATERIAL 

Tlie  investigation  was  carriwl  out  at  tlie  Department  of  AntllroiHilogy, 
Museum  of  Natural  Histoiy,  in  New  York.  Ten  skulls,  taken  from  the  Hun¬ 
garian  group  of  Demko-Hegy  dating  hack  to  the  12tli  Century,  were  selected 
for  this  purpose.  Only  skulls  with  normal  oeelusion  were  selected;  tlie  cusps 
of  the  teeth  were  nonahraded  or  worn  to  a  negligible  degree.  The  chronologic 
age  was  determined  roughly.  Seven  of  the  skulls  were  of  adults  up  to  approxi¬ 
mately  35  years  of  age,  2  skulls  belonged  to  children  above  7,  1  to  a  child  above 
12.  The  degree  of  overbite  w'as  noted  and  fell  in  the  range  of  1  to  5  millimetei's. 
Sex  was  not  taken  into  consideration  in  this  study.  AVithin  the  limitations  of 
these  controls  the  skulls  were  ehasen  at  random.  The  measurements  were  limited 
to  the  glenoid  fosa  and  the  maxillary  teeth. 

MET  non 

The  measurements  included  the  following:  (a)  the  articular  slope  of  the 
glenoid  fossae  (Fig.  2),  and  (h)  dental  mea.surements  (Fig.  3);  (1)  molai-s — 
The  slopes  of  the  distobuccal,  nu*siobuccal,  and  mesiolingual  cusjis  of  the  fii-st 
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and  second  molars  were  measured.  Third  molars  were  not  taken  into  considera¬ 
tion;  (2)  i>remolars — The  buccal  and  lingual  cuspal  inclines  were  measured; 
and  (3)  second  incisors  and  first  incisors — On  canines,  the  palatal  slope  was 
mcasurc<l. 


B'ig.  6. — Normal  distribution  theoretically  underlying  frequency  (ordinate)  observed 
values  standardized  to  mean  of  zero  (abscissa),  x  =  solid  line  =  observation  on  glenoid  fossa; 
z  =  dashed  line  =  observations  of  the  anterior  teeth;  w  =  dot-dash  line  =  observations  of 
the  posterior  teeth. 


The  collected  data  (Table  1)  were  subjected  to  statistical  analysis.* 


RESULTS 

The  following  dimensions  were  determined:  the  slope  of  the  anterior  wall 
of  the  glenoid  fossa;  the  cuspal  and  palatal  inclination  of  all  the  teeth  (posterior 
and  anterior) ;  and  then  separately,  the  cuspal  inclination  of  the  posterior  teeth 
(molars  and  premolars) ;  and  the  palatal  slope  of  the  6  upper  anterior  teeth. 


*Ten  skulls  were  measured,  but  all  the  computations  were  done  on  the  basis  of  20  obser¬ 
vations,  since  the  left  and  right  fossae  and  the  teeth  of  each  respective  side  of  the  skulls 
were  computed  separately:  (1)  The  average  slope  for  each  fossa  was  found;  (2)  The  average 
slope  for  each  tooth  was  determined ;  ( 3 )  From  these,  the  averages  for  the  molars  and  pre- 
molars  was  calculated ;  ( 4 )  The  averages  of  the  palatal  slope  of  the  upper  anterior  teeth 
were  calculated;  and  (5)  The  averages  of  all  teeth  taken  together,  i.e.,  the  average  from 
tlie  second  molar  to  the  central  incisor  for  each  respective  side  (left  and  right)  was  cal¬ 
culated.  These  were  the  basic  flgures  with  which  the  statistical  analysis  was  carried  out. 
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Table  I 


Master  Chart  of  Averages* 


SKULL 

NO. 

SIDE 

AVERAGE  CUSPAL 
INCLINATION  (y) 

AVERAGE  PAL¬ 
ATAL  SLOPE 
(z) 

AVERAGE  CUS¬ 
PAL  SLOPE  OF 

POSTERIOR 

TEETH  (V) 

AVERAGE  AN¬ 
TERIOR  SLOPE 

GLENOID  FOSSA 

1  (X) 

1 

L 

38 

41 

34 

46 

R 

36 

41 

33 

56 

2 

L 

40 

45 

32 

42 

R 

41 

45 

38 

51 

3 

L 

31 

33 

29 

30 

R 

29 

28 

31 

27 

4 

L 

46 

57 

41 

57 

R 

47 

55 

43 

60 

5 

L 

40 

46 

36 

52 

R 

48 

55 

43 

44 

6 

L 

3.'> 

26 

44 

45 

R 

38 

38 

28 

41 

7 

I. 

42 

49 

37 

63 

R 

45 

50 

42 

51 

8 

L 

31 

26 

35 

43 

R 

34 

28 

40 

58 

9 

L 

27 

31 

30 

32 

R 

32 

35 

30 

46 

10 

L 

51 

60 

38 

59 

R 

56 

65 

49 

49 

•Units  in  degrees. 


By  analyzing  the  averages  of  the  articular  slopes  of  the  fossae  it  was  found 
tliat  they  have  a  comparatively  large  range  of  variation  with  a  standard  devia¬ 
tion  of  10.1  degree  from  the  mean  of  47.6  degrees  (Table  II).  Moreover,  the 
2  fossae  on  1  individual  skull  seldom  have  the  same  mean  inclination  (Table  I). 

The  average  slopes  (cuspal  and  palatal)  of  the  teeth,  however,  show  less 
variation  than  the  fos.sae,  having  a  standard  deviation  of  7.91  degrees  with  a 
mean  of  39.35  degrees,  and  less  intracranial  variability  (Tables  I  and  II). 


Fossa 

(left  and  right) 


All  ti'eth 

(left  and  right) 


Posterior  teeth 
(left  and  right) 


Anterior  teeth 
(left  and  right) 


L:  .IS.fi 
R:  37.7 


42.7 
L:  41.4 
R:  44.0 


.STAN  PARI) 
DEVIATION 


The  study  of  the  2  separate  dental  groups  (posterior  and  anterior)  shows 
that  the  variability  of  the  palatal  slopes  is  greater  (standard  deviation  11.96 
and  mean  42.7)  than  the  variability  of  the  cuspal  slopes  of  the  po.sterior  teeth 
(standard  deviation  5.7,  mean  36.65)  (Fig.  7). 
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Comparing  the  mean  of  the  averages  of  the  anterior  slope  of  the  fossae  to 
the  mean  of  the  averages  of  the  cuspal  and  palatal  inclinations  of  all  the  teeth, 
the  correlation  coefficient  was  found  to  be  0.597  and  significantly  different  from 
zero.*  In  order  to  find  whether  the  posterior  teeth  or  the  anterior  teeth  account 
for  the  preponderance  of  the  relationship  between  the  inclines  of  the  articular 


Fip.  7. — Composite  diagram  of  regression  lines.  w.y  —  line  of  regression  for  the 
anterior  fossal  slope  (x)  based  on  the  values  of  the  average  dental  slopes  (i/)  :  x:z  =  line  of 
regression  of  the  anterior  fossal  slope  (x)  based  on  the  values  of  the  palatal  slopes  of  the 
upper  anterior  teeth  (z)  ;  x:i’  =  line  of  regression  of  the  anterior  fossal  slope  (x)  based  on 
the  values  of  the  cuspal  slopes  of  the  maxillary  posterior  teeth  (v). 


surface  of  the  glenoid  fossa  and  the  functional  slopes  of  the  teeth,  the  finding 
for  the  dental  slopes  were  divided  into  2  groups:  contained  the  values  for  the 
cusps  of  the  posterior  teeth,  and  the  other  contained  those  for  the  palatal  slopes 
of  the  6  upper  anterior  teeth.  The  correlation  coefficient  for  these  2  groups  and 
the  articular  slope  of  the  glenoid  fossa  were  0.549  and  0.535,  respectively  (Table 
III,  column  1).  These  values,  too,  were  found  to  be  significantly  different  from 
zero.t 

TIu!  slopes  to  the  regression  lines  of  the  scatter  diagrams  were  (Fig.  7) 
found  to  be  0.75  for  the  measurements  of  all  the  teeth,  0.47  for  the  palatal  slopes 
of  the  uiiper  anterior  teeth,  and  0.95  for  the  cuspal  incline  of  the  posterior  teeth, 
as  related  to  the  measurements  of  the  articular  slope  of  the  glenoid  fossa.  All 
of  them  were  found  to  be  statistically  different  from  zero.| 

•To  test  the  significance  of  difference  between  2  means  the  T-test  for  small  samples 
was  used  ( Kisher,**  p.  122.). 

tThe  T-test  was  used  and  the  criterion  of  signiflcance  taken  at  the  0.5  ievel.  It  may 
be  noted  tiiat  the  correiation  coefficient  of  0.597  is  aiso  significant  at  the  0.01  level. 

tl’sing  the  T-test  the  slopes  of  the  regression  lines  were  all  found  to  be  significant 
at  better  than  the  0.001  level.  The  slope  of  0.751,  for  example,  is  to  be  interpreted  as 
follows :  to  each  1  degree  increase  in  the  dental  slope  corresponds  %  of  I  degree  increase 
in  the  articular  slope  of  the  fossa, 
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Table  III 


V'alues  Found  in  Regression  Analysis 


CORRELATION 

BETWEEN 

1 

2 

1  3 

1  4 

r 

b 

1  8.. ». . 

1  Sh 

1  XV 

0.597 

0.75 

3.83 

0.1166 

2  XZ 

0.549 

0.47 

4.37 

0.08368 

3  XV 

0.535 

0.95 

4.47 

0.17627 

1,  r  =  correlation  coefficient. 

2,  b  =  slope  of  regression  line. 

.S,  Si,  s. »  =  standard  error  of  estimate  (scatter  around  regression  line). 

4,  Sb  =  estimated  standard  deviation  of  slope  of  the  regression  line. 

DISCUSSION 

The  variability  of  the  articular  slope  of  the  glenoid  fossa  was  found  to  be 
considerably  large,  both  within  the  limits  of  the  sample  group  analyzed  and 
within  each  individual  skull,  the  left  and  right  sides  differing  from  each  other. 
Disregarding  the  range  of  variation  between  the  2  fossae  within  1  skull,  it  might 
be  assumed  that  the  large  deviation  from  the  mean  value  found  for  the  articu¬ 
lar  slope  is  due  to  an  individually  inherited  genetic  pattern  for  the  articular 
slope.  The  fact,  however,  that  a  large  range  of  variation  was  found  between 
the  left  and  right  sides  of  the  fossal  slopes  may  bring  further  evidence  that 
the  fossa  is  subjected  to  functional  stresses,  and  that  those  stresses  have  an 
influence  iu  the  modification  of  the  genetic  pattern  of  the  articular  slope. 

In  contrast  to  the  findings  for  the  glenoid  fossa  the  slopes  of  the  teeth 
seem  to  exhibit  a  greater  constancy  in  their  inclined  planes ;  the  range  of  varia¬ 
tion  and  their  standard  deviation  is  still  sufficiently  high  to  indicate  consider¬ 
able  individual  variation.  In  comparing  the  cuspal  and  palatal  inclinations  of 
the  teeth  in  the  left  and  right  side  of  each  skull,  it  was  found  that  70  per  eent 
of  the  observations  show  a  minimal  difference  of  1  to  3  degrees  only.  At  this 
point  it  should  be  mentioned  that  the  measurements  obtained  for  the  dental  in¬ 
clined  i)lanes  were  not  registrations  of  their  true  anatomic  slopes,  but  rather  of 
their  functional  incliiu's,  since  the  individual  position  of  eaeh  tooth  in  the  den¬ 
tal  arch  and  the  curve  of  Spec  modify  the  angulation  of  their  anatomical  slopes. 
From  this  observation  the  tentative  inference  could  be  drawm  that,  in  cases 
with  normal  occlusion,  the  factors  which  influence  the  position  of  the  teeth  in 
the  dental  arch  are  more  constant  and  uniform  than  those  whieh  are  involved 
in  the  modification  of  the  articular  slope  of  the  glenoid  fossa. 

All  the  applied  metluxls  used  to  determine  whether  a  eorrelation  lietwei'ii 
the  articular  slope  of  the  fos.sa  and  the  dental  inelined  jilanes  existed  proved  to 
be  positive  and  significant  at  the  O.Of)  level.  Yet  all  the  eomputations  of  the 
values  found  for  the  articular  slope  of  the  fos.sa  against  the  composites  of  the 
dental  inclines  indicate  that  the  artieular  fossal  slopes  exhibit  closer  correlation 
to  the  palatal  inclined  planes  of  the  anterior  teeth  than  they  do  to  the  cuspal 
slopes  of  the  posterior  teeth.  It  was  found  that  no  significant  difference  existeil 
between  the  average  slo])e  of  the  anterior  fos.sal  slope  and  that  of  the  mean 
palatal  slope  of  the  anterior  teeth  (47.6  and  42.7  degrees,  respectively),  while 
the  cuspal  slope  of  the  posterior  teeth  (36.65  degrees)  was  different  from  the 


KOYOUMDJISKY 


J.  D.  Re». 
December.  1956 


‘KK) 

average  fossal  slope.  The  correlation  coefficient  is  also  higher  for  the  relation¬ 
ship  between  the  fossa  and  the  anterior  teeth  (see  Table  III).  Furthermore,  it 
was  found  that  the  slope  of  the  regression  line  for  the  articular  slope  of  the  fossa 
ba.sed  upon  the  observations  of  the  palatal  slopes  of  the  anterior  teeth  is  more 
reliable  than  that  for  the  cuspal  slopes  of  molars  and  premolars. 

The  higher  correlation  found  between  the  articular  slope  of  the  glenoid 
fos.sa  and  the  palatal  slope  of  the  upper  anterior  teeth  could  suggest  a  possible 
functional  relationship  between  these  two  units,  due  to  the  protrusive  move¬ 
ments  of  the  mandible.  It  was  surprising  to  find  that  the  slope  of  the  anterior 
wall  of  the  fossa  showed  a  smaller  correlation  to  the  posterior  teeth.  This  find¬ 
ing  is  in  contradiction  to  Gysi’s  statement  that  protrusive  balance  is  caused  by 
the  inclined  planes  of  the  molar  cusps  as  well  as  by  the  curse  of  Spec.  It  would 
be  interesting  to  correlate  the  left  posterior  mea.surements  with  the  right  fas.sa 
and  vice  versa  in  order  to  find  the  results  for  lateral  movement. 

It  should  be  emphasized,  how'ever,  that  the  measures  of  correlation  and  of 
the  slopes  of  the  regression  line,  although  significantly  different  from  zero  at 
the  0.05  level  should  not  be  accepted  uncritically.  Even  the  regression  line  re¬ 
lated  to  the  highest  correlation  coefficient — 0.587  for  the  composite  (total)  den¬ 
tal  slopes — “explains”  considerably  less  than  half  (36  per  cent)  of  the  varia¬ 
tions  in  the  slopes  of  the  anterior  wall  of  the  fossa  from  their  mean.*  Perhaps 
more  relevant  in  relation  with  the  comparatively  low  correlation  coefficients 
obtained  is  the  fact  that  the  slopes  of  the  anterior  or  posterior  teeth  together 
with  some  other  important  factors  modify  the  articular  slope  of  the  fossa.  It 
is  undoubtedly  logical  to  consider  the  muscles  of  mastication  as  one  of  the  most 
important  factors.  Consideration  should  also  be  given  to  the  form  of  the 
articular  disc,  and  maybe  to  the  size  of  the  articular  eminence. 

The  correlation  found  between  the  slopes  of  the  fossa  and  the  slopes  of  the 
teeth  is,  however,  significant  enough  to  make  further  and  more  extensive  investi¬ 
gations  in  this  field  necessary ;  at  this  point  no  positive  or  negative  conclusions 
can  be  made. 

SUMM.\RY 

1.  The  construction  of  a  measuring  device  and  the  method  of  recording 
anatomic  structures  are  descrilied. 

2.  The  articular  slope  of  20  fossae  and  the  cuspal  and  palatal  slopes  of  the 
maxillary  teeth  in  10  skulls  were  studied  in  order  to  determine  if  any  correla¬ 
tion  betwt^en  these  units  existed.  The  skulls  seleeted  had  to  eonform  with  the 
following  requirements:  normal  occlusion,  nonabraded  cusps,  and  an  amount 
of  overbite  between  1  to  5  millimeters.  Within  these  limitations  of  control,  the 
skulls  were  cho.sen  at  random. 

3.  The  anterior  slope  of  the  fos.sa  and  the  inclined  planes  of  the  cusps  and 
palatal  slopes  were  measured  and  recordings  made.  Their  slopes  were  deter- 
minetl  in  units  of  degrees. 

*A  correlatiun  coefficient  of  0  5  would  explain  only  25  per  cent  of  the  variation  (Garrett,” 
p.  74.). 
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4.  Tl«c  collected  data  were  subjected  to  statistical  analysis  which  t?ave  the 
followinj;  r(‘sults:  (a)  The  anterior  slope  of  the  glenoid  fossa  shows  great  in- 
<lividiial  variation  both  within  the  sample  group  ami  within  each  skull;  (b)  The 
teeth  exhibit  a  greater  constancy  in  their  inclined  planes  and  show  less  varia¬ 
tion  between  the  tw^o  sides  of  one  and  the  same  skull,  although  the  palatal 
slopes  of  the  upper  anterior  teeth  show  greater  individual  variations  than  the 
euspal  slopes  of  the  posterior  teeth;  (c)  No  significant  difference  was  found 
between  the  main  slope  of  the  articular  surface  of  the  glenoid  fossa  and  this  of 
the  palatal  slope  of  the  upper  anterior  teeth,  although  the  mean  euspal  slope 
was  found  significantly  different;  (d)  The  correlation  found  betw’een  the  artic¬ 
ular  slopes  of  the  fossae  and  the  dental  slopes  (both  euspal  and  palatal)  ap¬ 
pears  significantly  different  from  zero  at  the  0.05  level;  (e)  All  the  statistical 
methods  applied  seem  to  indicate  a  closer  relationship  between  the  articular 
slope  of  the  fossa  and  the  palatal  slope  of  the  upper  anterior  teeth,  the  correla¬ 
tion  to  the  euspal  inclines  of  the  posterior  teeth  being  less  significant ;  and  (f ) 
On  the  basis  of  this  study  alone  no  definite  conclusions  can  be  made  if  and  to 
what  extent  the  teeth  have  a  functional  influence  upon  the  configuration  of  the 
articular  surface  of  the  glenoid  fossa. 

I  wish  to  express  my  thanks  and  appreciation  to  Drs.  Arthur  Toten  and  Armand 
Oppenheimer,  of  the  Department  of  Orthodontics,  and  Dr.  Barnet  Levy  of  the  Department 
of  Dental  Research  at  Columbia  University  for  their  advice,  helpful  suggestions,  and  en¬ 
couragement,  to  Dr.  Harry  L.  Shapiro,  Curator  of  the  Museum  of  Natural  History,  New 
Fork,  for  making  the  skull  collection  available,  and  to  Edward  Kilberg  for  his  assistance  in 
carrying  out  the  statistical  analyses. 
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VAHl ABILITY  OF  THE  FORM  OF  MAXILLARY  PERMANENT 

INCISORS 

D.  H.  GOOSE,  B.Sc.,  B.P.S. 

Northampton,  England 

A  COMMON  clinical  observation  is  that  upper  incisor  teeth  differ  con¬ 
siderably  in  form  from  one  person  to  another,  and  also  between  racial  types, 
e.g.,  English  and  Negro,  but  little  data  has  as  yet  been  accumulated  on  this 
subject.  It  was  therefore  considered  worthwhile  to  undertake  a  brief  study  of 
incisor  tooth  form  with  the  object  of  stating,  with  some  precision,  these  differ¬ 
ences  which  might  be  of  value  for  research  in  both  genetics  and  anthropology. 

The  maxillary  first  permanent  incisors  are  suitable  for  this  study  because 
of  their  simple  shape  and  relative  constancy  (i.e.,  lack  of  malformations  or 
extra  cusps,  etc.).  Wheeled®  stated  that,  “They  are  also  the  most  representative 
of  the  mold  design  of  the  teeth,  .  .  .  when  development  has  been  normal  all 
the  teeth  are  in  harmony  wdth  the  central  incisor.”  SeipeP*  added  weight  to 
this  observation  when  he  calculated  the  coefficients  of  correlation  between  the 
maximum  mesiodistal  wddths  of  these  and  the  other  teeth  of  the  upper  jaw, 
and  found  (wdth  the  exception  of  the  first  permanent  molar)  that  they  were  all 
over  0.5.  Finally  the  essential  shape  of  this  tooth  is  laid  down  before,  or  just 
after  birth  (Schour  and  Massler^®)  in  the  stage  of  morphodifferentiation.  This 
is  w'hen  the  form  of  the  amelodentinal  junction  is  mapped  out,  the  enamel 
merely  being  laid  on  it  incrementally  as  shown  by  the  relatively  constant 
width  of  enamel  in  widely  differing  shaped  teeth  (Fig.  4.)  (See  also  Diamond 
and  Weinmann.®)  It  may  then  be  assumed  that  environment  can  have  little 
effect  on  incisor  tooth  form  and  size,  and,  in  fact,  they  are  primarily  determined 
genetically. 

Williams®  classified  the  shape  of  fii'st  incisors  into  3  types:  tapering, 
square,  and  ovoid,  and  stated  that  they  appeared  in  all  races  of  man,  and  in 
the  anthropoid  apes.  Azouley  and  Regnault^  measured  the  width  of  a  number 
of  maxillary  first  incisors  of  different  races  and  of  chimpanzees  and  gorillas. 
They  calculated  an  index  which  was  obtained  by  subtracting  the  width  at  the 
neck  of  the  tooth  from  the  width  at  the  incisal  edge.  This  gives  a  measure 
of  the  taper,  i.e.,  the  way  in  which  the  mesial  and  distal  sides  of  the  tooth 
converge.  .They  found  that  apes  had  the  highest  index  (greatest  taper),  then 
Negroes,  Australians,  Chinese,  Europeans,  and  finally  Indians.  They  conclude 
that  tapering  teeth  are  more  common  among  the  “primitive  races”  than 
among  the  more  civilized.  Ashton  and  Zuckerman,'  in  an  extensive  investiga¬ 
tion  of  the  size  of  teeth  in  modern  and  fossil  apes,  measured  a  number  of 
dimensions  for  every  tooth,  and  compared  each  separately  betw'cen  the  different 
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groups  to  fiiul  wlietlier  tiirn*  any  significant  <iift‘emiccs.  Bronnwski  and 

liong^  have  criticized  this  method  on  the  Rronnds  that  a  number  of  separate 
measurements  of  an  nl),jecl  does  not  ade<piately  specify  the  whole  and  sns^jested 
that  it  would  be  better,  when  comi)arinj;  2  different  groups,  to  combine  tbe  set 
of  measurements  (e.g.,  crown  height,  width  at  neck,  width  at  the  incisal  edge, 
and  depth)  into  a  discriminant  function  of  the  type  X  =  0^X1  and  and 
rtaXa  and  a^x^,  the  coefficients  being  chosen  to  maximize  the  differences  between 
the  two  groups. 

METHOD 

In  order  to  present  the  results  in  a  quantitative  way  as  well  as  bringing 
out  obvious  differences  in  shape  it  seems  a  new  approach  is  needed.  If  the 
labial  aspect  of  the  crown  of  the  maxillary  first  permanent  incisor  could  be 
regarded  as  a  trapezium,  i.e.,  by  ignoring  its  curvatures,  then  its  shape  could 
be  adequately  described  by  three  values :  ( 1 )  surface  area — an  estimate  of  over¬ 
all  size,  (2)  width  index — a  relation  of  the  width  to  the  height,  and  (3)  taper — 
a  measure  of  the  convergence  of  the  mesial  and  distal  sides. 


Kig.  1. — a.  Maximum  mesiudistal  width;  b.  Cervical  witith ;  c.  Maximum  crown  height; 

0,  .Angle  of  taper  (=  2#). 

Fig.  1  shows  an  outline  of  such  a  trapezium  wherein  a  is  the  maximum 
mesiodistal  w'idth  (between  approximal  surfaces  parallel  to  the  labial  and  in¬ 
cisal  surfaces) ;  b,  the  cervical  width  taken  parallel  to  a  at  the  neck  of  the 
1(H)th;  and  c,  the  crown  height. 

The  surface  area  (mm.*)  is  then  c  (a  b),  the  w'idth  index  100  x  a,  and  the 

2  c 

taper  f)  ilegrees.  (0  =  26/  and  tan  0  =  i^(a  -  b).) 

c 

MATERIALS  AND  RESUl/FS  . 

A  sample  of  50  extracted  modern  English  teeth  was  obtained  from  the 
General  Anaesthetic  department  of  the  Birmingham  Dental  Hospital  (not 
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separated  for  sex  or  side),  and  sinec  they  were  seleeted  at  random  it  was 
eonsidered  tliey  wonhl  be  snffieiently  representative. 

These  were  measni’ed  liy  means  of  speeially  made  veinier  ealipiTs  reading 
to  Vso  mm.,  and  the  3  values  previously  described  were  calculated  for  each 
tooth.*  In  Table  I  are  recorded  the  means,  standard  deviations,  and  ranges 
for  these  results. 

Another  method  of  presentation  to  indicate  the  variability  better  is  shown 
in  Fig.  2,  where  the  values  of  surface  area  in  mm.*  have  been  plotted  on 
arithmetic  probability  paper  (a  straight  line  has  been  drawn  through  these 
points,  presuming  a  normal  distribution).  Various  arbitrary  limits  may  now 
be  seleeted  and  the  proportions  of  results  falling  in  each  found,  e.g.,  20  per 
cent  results  are  below  80  mm.*,  73  per  cent  results  are  from  80  to  100  mm.*,  and 
7  per  cent  results  are  above  100  mm.*. 


Fig.  2. — Surface  area  of  labial  aspect  of  crown  of  maxillary  permanent  first  inci.sor  (mm.*). 

(Modern  English.) 


A  search  through  the  literature  of  ttmth  measurement  indicates  that  few 
investigators  record  the  cervical  widths  of  maxillary  first  incisors,  and  st) 
there  are  not  many  results  that  can  be  compared  with  the  present  ones. 
However,  tho.se  available  are  recorded  in  Table  II.  The  Saxon  results  were 
obtained  by  the  author  measuring  36  teeth  from  skulls  in  the  Bidford-on-Avon 
collection  at  the  Birmingham  University  (applying  the  same  correction  for 
attrition  which  w'as  more  frequent  in  these  teeth).  These  skulls  were  ob¬ 
tained  from  a  sixth  century  burial  ground  about  25  miles  from  Birmingham 

*A  correction  for  height  was  applied  in  caaes  of  attrition.  If  mild,  1  mm.  was  added 
to  the  recorded  height ;  if  moderate,  2  mm. ;  and  if  severe  the  tooth  was  rejected. 
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(Humphreys*),  and  so  represent  the  people  who  lived  in  much  the  same 
^eoffraphical  location  as  the  modern  English  sample,  some  50  to  60  generations 
earlier. 

Table  I 

Sample  of  Modern  English  Teeth  (n  =  50) 


SURFACE  AREA 
(MM.2) 

TOOTH  WIDTH  INDEX 

TAPER  (DEGREES) 

Mean 

86.83 

73.21 

7.90 

Standard  deviation 

8.94 

5.88 

2.26 

Range 

69.7-116.0 

CO.1-88.7 

2.9-13.7 

Table  II 

Comparison  of 

Modern  English  Teeth  With  Other  Racial  Groups 

TYPE 

I  tooth  width  index  I  TAPER  (DEGREES) 

White  Americans 

90.0 

15.3 

Bantuto 

84.8 

14.1* 

American  Indian.sis 

87.8 

not  possible 

Japanese!! 

71.2  ^ 

not  possible 

73.6$ 

Modern  English 

73.2 

7.9 

Saxon 

75.9 

8.7 

Chimpanzee! 

100.5 

15.2* 

Surface  area  has  been  omitted  owing  to  lack  of  sufficiently  accurate,  comparable  data. 
♦Cervical  width  estimated  from  Azouley  and  Regnault’s  indices  of  appropriate  types. 


DISCUSSION 


The  crown  of  the  maxillary  first  permanent  incisor  was  chosen  for 
analysis  because  of  its  simple  and  relatively  stable  shape  and  also  because 
it  is  representative  of  the  general  mold  of  the  teeth.  However,  the  analysis 
could  be  extended  to  other  teeth  by  means  of  coordinate  transformation  ( D  ’Arcy 
Thompson®).  This  method  is  merely  one  in  which  the  normal  x  and  y  co¬ 
ordinates  are  altered,  e.g.,  by  lengthening  the  interval  between  them,  or 
curving  one  and  not  the  other,  etc.  In  Fig.  3  the  dotted  outline  gives  approxi¬ 
mately  the  shape  of  an  upper  canine  tooth  and  superimposed  on  it  («)  is 

Table  III 


WIDTH 

INDEX 

\  A  (-85)  1 

B  (85-95)  1 

1  C  (95  ) 

SURFACE  AREA 

1  1 

1  B  1 

c 

(  MM.2) 

(95) 

A 

B 

c 

1  A 

1  B  1 

V 

1 

1 

2 

10 

9 

0 

8 

5 

1 

(-1«)  A 

V 

(2.1) 

(1.9) 

(0.4) 

(9.8) 

(8.9) 

(1.8) 

(5.9) 

(5.3) 

(1.1) 

5 

1.5 

6 

9 

6 

9 

6 

1.5 

1.5 

1.5 

(3.9) 

(7.5) 

(3.9) 

(5.3) 

(10.3) 

(5.3) 

(1.6) 

(3.1) 

( 1.6) 

0 

3 

2 

8 

17 

•> 

6 

5 

(1-3*)  B  1 

9 

S 

(2.6) 

4.5 

(2.3) 

12 

(0.5) 

1.5 

(11.9) 

9 

(10.7) 

12 

(2.2) 

3 

(7.1) 

1.5 

(6.4) 

4.5 

(1.3) 

1.5 

(4.5) 

(8.8) 

(4.5) 

(6.3) 

(12.1) 

(6.3) 

(1.9) 

(3.7) 

(1.9) 

*> 

1 

0 

8 

1 

0 

5 

1 

0 

(3*-)  C 

9 

(>) 

(0.9) 

(9.2) 

(4.8) 

(4.3) 

(0.9) 

( 2.8 ) 

( 2.5 ) 

(0.5) 

0 

1.5 

0 

1.5 

3  . 

0 

0 

0 

3 

S 

(0.8) 

(1.6) 

(0.8) 

_ (J^ 

(2.2) 

(1.1) 

(0.3) 

(0.7) 

(0.3) 

Per  cent  uf  euch  meatiurement  in  each  group. 
Kxpected  value*)  in  parentheaea.  (See  text.) 
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the  result  of  plotting  the  same  outline,  but  using  one  curved  and  one  normal 
coordinate.  In  b  the  one  coordinate  only  is  increased  progressively  downwards 
by  the  addition  of  1  mm.  every  centimeter.  As  may  be  seen,  these  trans¬ 
formations  alter  surface  area,  tooth  width  index,  and  taper,  and  it  should  be 
possible  in  this  way  to  establish  a  series  of  standards  with  which  a  given 
tooth  might  be  compared. 

The  variability  of  the  3  characteristics  can  be  seen  from  their  ranges 
(Table  I)  to  be  considerable  and  various  ways  might  be  used  to  bring  this 
out;  for  example  if  surface  area,  tooth  width  index,  and  taper  were  each 
divided  into  3  groups,  then  27  possible  combinations  would  occur  and  provide 
a  convenient  way  of  typing  a  tooth.  Table  III  shows  how  this  is  set  out  in 
a  3- way  table  (unpublished  data  on  school  children  with  “expected”  values, 
on  the  as.sumption  of  independence  of  the  3  characters,  in  parentheses  [(loose^l). 


KiK.  3. — Outlines  of  canines,  dotted  lines;  transformations,  unbroken  lines. 


Kij;.  4. — Labial  surface  of  permanent  maxillary  first  Incisor.  (X3/2. ) 

Tliis  might  facilitate  the  study  of  inheritance  of  tooth  form  and  size,  and 
perhaps  help  solve  such  itroblems  as  whether  large  teeth  may  be  inherited 
from  one  parent  and  small  jaws  from  the  other. 

Different  racial  types  might  be  eompared  by  mean  values,  or  by  the 
relative  propoHions  of  the  po.ssible  27  t.vpes,  or  some  sueh  similar  classi  Heat  ion. 
It  is  noticeable  that  the  Bantu,  American  Indians,  and  white  Americans  have 
considerably  wider  (relative  to  crown  height)  teeth  than  the  Knglish  or 
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Saxtm  jiroups,  hut  tin*  -lapanm'  an*  rather  similar.  Also,  it  is  obvious  that 
Kuiilisli  (aiul  Saxou)  t<*eth  are  rather  straight  shied  eoiupared  with  the  other 
frroups,  aud,  to  slu)w  a  typieal  outline  of  an  Kn^lish  t(K>th,  the  average  meas¬ 
urements  were  plotted  (Fig  5).  Perhaps  when  further  eomparative  data 
are  available  more  signifieant  conclusions  may  lie  drawn  from  these  differences. 

The  chimpanzee  teeth  which  have  been  included  in  the  table  for  com¬ 
parison  show  decidedly  higher  tooth  width  index  which  puts  them  in  quite  a 
different  category  to  human  teeth.  Their  taper  also  is  high  although  not 
higher  than  the  white  American,  and  this  seems  to  indicate  that  this  latter 
result  is  incorrect.  This  may  be  due  to  Black’s®  figure  for  cervical  width 
(6.3  mm.)  being  too  small.  It  would  give  a  value,  for  Azouley  and  Regnault’s® 
index,  of  2.7  mm. :  the  latter  gave  1.61  mm.  for  Europeans,  and  I  find  my 
results  give  an  average  of  1.55  mm.  In  view  of  these  findings  it  seems 
necessary  to  recalculate  the  angle  of  taper  for  white  Americans  using  a  cor¬ 
rected  cervical  width  of  7.4  mm.  (obtained  by  subtracting  Azouley  and 
Uegnault’s®  index  of  1.61  mm.  from  the  mesiodistal  width  of  9.00  mm.  [Black®] ). 
The  angle  of  taper  is  then  9.2  degrees  w’hich  seems  much  more  likely. 


KIk.  5. — Outline  of  labial  aspect  of  maxillary  permanent  first  incisor.  (Modern  KnKlish. ) 

(X5,  reduced  */(|.) 

Finally,  it  may  be  seen  from  Table  II  that  Saxon  and  modern  English 
teeth  are  quite  similar  in  shape  (their  surface  areas  are  also  closely  com¬ 
parable)  so  that  it  appears  that,  over  a  period  of  50  to  60  generations,  incisor 
form  and  size  have  not  altered  materially  in  this  region.  This  may  strengthen 
the  belief  that  the  methoti  of  analysis  described  may  be  useful  in  anthro¬ 
pologic  research  into  racial  variations. 

SrMM.VRY 

1.  A  new  method  of  measuring  the  shape  and  size  of  maxillary  fii^st 
permanent  incisors  has  la'cn  suggested  by  using  (1)  the  labial  surface  area, 
(2)  t(wth  width  index,  and  (3)  the  taper  (angle  at  which  the  mesial  and 
distal  sides  converge). 

2.  Fifty  modern  English  teeth  have  been  measured  and  it  has  been 
shown  that  the  data  may  be  presented  either  by  mean  and  standard  deviations, 
or  in  the  form  of  groups  read  off  from  the  distributions  plotted  on  arithmetic 
probability  jiaper,  and  then  combined  togetiu'r  in  a  3-way  table  giving  27 
different  typ«*s. 
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3.  Tlie  present  results  show  considerable  differences  when  compared  with 
otlier  racial  fj^owps  in  the  literature,  hut  similarities  with  my  own  Saxon  data. 

4.  It  is  shown  that  the  form  of  these  teeth  is  little  aft‘ecte<l  by  environ¬ 
ment,  but  is  the  result  primarily  of  heredity  ami  is  therefore  a  suitable 
character  for  genetic  analysis. 

5.  The  method  can  be  extended  to  other  teeth  by  means  of  coordinate 
transformations,  and  an  example  is  given. 

1  wish  to  thank  Profe.ssors  E.  B.  Manley  and  S.  Zuckerman  for  permission  to  examine 
Saxon  skulls  in  their  collections,  and  also  Dr.  Marsland  for  his  assistance  in  providing  me 
with  the  modern  tetdh. 
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THE  RELATIONSHIP  OF  THE  SEASON  OF  BIRTH  TO  THE  STATE 
OF  THE  PRIMARY  DENTITION 

H.  SAINSBURY 
ycu'castle  upon  Tyne,  England 

IN  THE  course  of  routine  inspections  of  school  children  it  was  noticed  that 
the  deciduous  teeth  of  children  born  in  the  winter  months  were  frequently 
inferior  to  those  of  children  born  in  the  summer.  Although  Mills'  and  Price' 
have  shown  that  dental  caries  is  more  common  in  northern  latitudes  and  is 
possibly  connected  with  the  amount  of  sunlight  available,  no  other  work  could 
be  traced  which  has  a  bearing  on  this  observation  which,  if  true,  is  of  some 
importance  in  the  epidemiology  of  dental  caries.  Accordingly  such  clinical 
records  as  are  available  were  scrutinized  and  are  presented. 

The  children  described  were  5-year-old  entrants  to  the  state  schools  in 
Herefordshire,  and  numbered  300  out  of  an  estimated  total  of  2,000.  They 
were  for  the  most  part  born  in  1947,  a  year  remarkable  for  its  extremes  of 
weather.  The  sample  was  drawn  from  all  parts  of  the  county  and  is  within 
the  limits  stated  a  random  one. 

DEXT.VL  CARIES 

The  teeth  v,-  re  examined  by  inspection  only  using  an  illuminated  spatula. 
The  time  giver  to  each  examination  was  unlimited,  but  neither  probe  nor 
x-ray  was  available.  The  extent  to  which  individual  teeth  were  affected  was 
not  evaluated.  The  teeth  were  recorded  as  “Present,”  “Carious,”  “Filled,” 
»)r  “Absent.”  The  extent  of  caries  was  measured  in  terms  of  the  D.M.F.  as 
modified  by  Sandler®  for  use  in  connection  with  children  of  this  age.  It  is 
referred  to  as  d.e.f.  in  Tables  I  and  III. 


Table  I 

Variations  in  the  Incibence  or  Dental  Caries  in  Children  Accorbing  to  the  Season 
or  THE  Year  in  Which  They  Were  Born 


I'ERIOb  or  BIRTH 

nrx'.,  1946 
TO  rEB., 

1947 

MARCH  TO 

MAY,  1947 

Jl'NE  TO  ACO., 

1947 

SEIT.  TO  NOV., 

1947 

Nunil>er  of  children  examined 

40 

58 

50 

58 

Children  with  <2  d.e.f. 

12 

20 

25 

24 

Total  d.e.f.* 

184 

194 

170 

225 

Mean  d.e.f. 

4.6 

.1..1 

3.4 

3.9 

S.D.  of  Mean 

7.5 

6.9 

6.4 

5.9 

•x»  =  N  =  3  :  P  0.01. 


DENTAI.  STKITCTITRE 

Siirl'aei;  struct  lire  was  noted  and  asst'ssed  for  maeroseopie  lesions  of 
enamel.  Discolored  incisors  with  a  history  of  trauma  were  excludeil  as  were 
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6  cases  of  extensive  caries  in  which  the  remaining  enamel  was  insufficient  for 
assessment.  Children  w’ere  separated  into  2  broad  classes  of  “Normal”  or 
only  very  slightly  imperfect,  and  “Defective”  structure.  The  former  corre¬ 
sponds  to  hypoplasia  M  type,  (trades  0  and  1;  the  latter  consisting  of  mod¬ 
erate  and  severe  lesions  in  one  or  more  teeth  to  Grades  3  and  4  described  by 
Mellanby.®  The  plates  included  in  this  monograph  were  used  as  a  guide  in 
assessment.  The  findings  are  given  in  Table  II.  In  10  (3.2  per  cent)  of  the 
children  hypoplasia  of  the  G  type,  as  described  by  earlier  writers,"  was  found. 
The  enamel  lesions  were  of  a  more  severe  type  but  do  not  necessarily  predis¬ 
pose  to  caries  formation  (King^). 


Tablk  II 

The  Extent  of  Defective  Structure 


structure 

1  ‘  ‘  NORMAL  ’  ’ 

1  ‘  ‘  DEFECTIVE  ’  ’ 

No.  children 

250 

64 

Per  cent  of  children 

79.6 

20.4 

The  association  between  caries  and  structure 

is  shown  in  Table  III, 

Differences  in  the  quality  of  teeth  in  samples  of  children  born  at  dif- 

ferent  seasons  in  1947  are 

shown  in  Table  IV. 

Table  III 

The  Incidence  of  Caries  in 

Dentitions  of  “Normal” 

AND  OF  “Defective”  Structure 

structure 

1  “normal” 

1  ‘  ‘  DEFECTIVE  ’  ’ 

No.  of  children 

250 

64 

No.  of  carious  teeth 

742 

470 

Mean  d.e.f. 

3.0 

7.3 

S.D.  of  Mean 

2.9 

5.0 

WEATHER  CONDITIONS 

The  year  1947  was  one  of  extremes.  The  temperature  records  for  February 
and  March  were  the  lowest  since  1895,  while  the  remaining  9  months  all  had 
temperatures  above  the  average,  particularly  May  (the  highest  since  1922) 
and  August  (since  1911),  The  total  sunshine  fell  short  of  the  average  for 
the  year  by  86  hours.  Only  two  months  exceeded  the  average  for  sunlight, 
August  and  November.®  These  recordings  made  at  the  County  Observatory 
accord  with  others  made  elsewhere  in  England  and  Wales  at  that  time  and 
published  by  the  Meteorological  Office.® 


Table  IV 

Variations  in  the  Incidence  of  Defective  Structure  .Vccordino  to  the  Season  in  Which 

Children  Were  Born 


SEASON  OF  BIRTH 

1 

DEC.-FEB. 

1946-47 

2 

MARCH-MAY 

1947 

3 

JUNE-AUG. 

1947 

4 

SEPT.-NOV. 

1947 

Number  of  children  examined 
Nundter  with  defei-tive  .struc- 

38 

58 

49 

59 

ture 

Per  cent  with  defe<*tive  struc¬ 
ture 

13 

3<5 

15 

25 

9 

17.5 

8 

14.5 

X*  =  N  =  3  :  P  =  0.05. 
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Weather  conditions  which  might  possibly  influence  the  development  of 
the  primary  dentition  include  temperature  and  sunlight.  Monthly  variations 
of  these  were  obtained  from  the  County  Observatory  and  are  shown  in  Fig.  1. 
Here  the  percentage  of  children  born  in  each  month  with  normal  structure  is 
shown  against  curves  for  variations  in  sunlight  and  temperature.  The  figures 


I 


Fitf.  1. — Monthly  variations  in  temperature,  sunlight,  and  dental  structure.  Figures  are  three- 

month  running  averages. 


are  pre.sented  as  3  months’  running  averages  to  smooth  the  curves.  While  the 
figures  for  .structure  are  not  statistically  significant  the  curves  present  a  strik¬ 
ing  similarity  and,  in  fact,  correlate  at  r  =  O.f)  for  structure  and  .sunlight  and 
r  =  O.b  for  structure  and  teinpernturo.  The  relationshij)  aiijiears  to  be  recti¬ 
lineal  and  the  significance  of  the  correlation  is  P  =  0.05. 
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DISCUSSION 

Taken  at  their  face  value  the  figures  in  Table  I  show  that  the  teeth  of 
children  born  in  the  winter  months  were,  so  far  as  visible  caries  is  concerned, 
inferior  to  those  born  in  the  summer.  In  particular  the  total  number  of 
carious  teeth  found  in  eaeh  of  the  different  seasonal  groups  showed  a  varia¬ 
tion  which  is  statistically  significant,  while  other  figures  may  well  be  fortui¬ 
tous.  The  mean  d.e.f.  per  child  showed  less  distinctive  differences  between 
the  groups  than  did  structural  defect  in  Table  IV,  possibly  because  of  the 
influenee  of  other  factors  such  as  diet,  oral  hygiene,  and  heredity. 

The  assessment  of  structure  was  made  on  broad  lines  because  neither 
tactile  methods  nor  a  lens  was  employed.  Figures  for  G  hypoplasia  are  given 
separately  as  a  matter  of  interest  but  were  subsequently  included  in  the  class, 

‘  ‘  Defective  Structure.  ’  ’ 

The  number  of  children  classified  as  having  defective  dental  structure 
was  probably  low  since  some  of  the  lesions  were,  no  doubt,  obscured  by  caries 
or  the  evidence  removed  altogether  by  previous  extraction.  The  criterion  of 
judging  a  mouth  on  a  single  tooth  is  also  open  to  question  but  was  adopted  as 
probably  the  best  in  the  circumstances. 

While  caries  was  found  to  be  more  common  in  children  with  defective 
structure  the  disparity  between  the  two  classes  might  have  been  greater  if 
the  normal  group  had  been  separated  into  hypoplasia.  Grades  0  and  1.  The 
probable  omission  of  small  cavities  would  have  a  similar  effect. 

When  full  account  has  been  taken  of  a  general  tendency  to  underestima¬ 
tion  the  figures  for  caries  and  structure  remain  comparable  and  deductions 
are  not  necessarily  invalidated  on  that  account. 

The  value  of  correlations  between  climatic  factors  and  structure  and  their 
statistical  significance  may  be  questioned  since  they  are  based  on  figures  which 
are  not  themselves  significant.  It  should  be  remembered,  however,  that  failure 
to  attain  to  significance  indicates  essentially  a  need  for  caution  in  drawing 
conclusions  from  such  figures.  Here  the  additional  calculations  serve  to 
localize  the  weakness  of  the  case,  which  is  that  the  observations  are  not  suf¬ 
ficient  to  support  conclusive  proof. 

Nor,  indeed,  would  this  paper  have  been  released  at  its  present  stage  had 
opportunity  for  further  work  remained  for  the  writer.  The  results  of  in¬ 
vestigations  are,  therefore,  offered  not  as  fact  conclusively  proved,  but  as 
evidence  sufficiently  suggestive  to  encourage  further  investigation  into  the 
subject,  preferably  in  a  less  temperate  climate  than  that  which  normally  per¬ 
tains  in  the  British  Isles. 

SUMMARY 

Some  300  school  entrants  were  examined,  of  whom  those  born  between 
November,  1946,  and  November,  1947,  showed  a  material  variation  in  inci¬ 
dence  of  dental  caries  according  to  the  season  of  birth. 

The  structure  of  the  teeth  was  noted  and  teeth  showing  evidence  of  de¬ 
fective  structure  were  found  to  have  a  considerably  higher  incidence  of  caries 
than  those  which  did  not. 
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The  incidence  of  defective  structure  varied  with  the  season  of  birth  in 

1947. 

An  association  was  deiuoiiKtrat<‘d  between  the  amount  of  defective  struc¬ 
ture  and  that  of  sunlight  and  temperature  at  or  about  the  time  of  birth. 

It  is  emphasized  that  the  year  reviewed  is  exceptional  and  the  children  are 
rural,  permitting  variations  which  might  otherwise  escape  notice  to  become  ap¬ 
preciable  in  a  relatively  small  sample  of  children. 
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ANTIBIOTICS  IN  OPERATIVE  PROCEDURES  AND  ENDODONTICS- 

IN  VITRO  STUDIES 

KRISHNA  C.  RAMNARINE,  D.D.S.,*  AND  HASIP  H.  ALTINSEL,  D.D.S. 

^  Eastman  Dental  Dispensary,  Rochester,  N.  ¥. 

Although  antibiotics  have  been  available  for  a  decade,  older  medicaments 
are  still  commonly  used  for  infected  dentin  sterilization  in  operative  pro¬ 
cedures  and  endodontics.  The  antibiotics  possess  more  of  the  desirable  quali¬ 
ties  of  an  ideal  agent  and  can  be  easily  used  where  indicated. 

Bartels  and  Nuckolls^  reviewed  the  use  of  anti-infective  agents  in  dentin 
.sterilization  and  remarked  on  the  lack  of  reports  on  the  use  of  antibiotics. 
They  proposed  that  the  ability  of  topically  applied  antibiotics  to  penetrate  into 
tissues  and  their  relative  lack  of  tissue  irritation  should  make  them  highly  * 
suitable  for  the  purpose  and  that  they  might  prove  to  be  the  solution  to  the 
entire  problem.  A  report  by  Hardwick^  suggested,  on  the  basis  of  experimental 
studies,  that  antibiotics  might  be  applicable  in  infected  dentin  therapy. 

The  following  report  gives  details  of  an  in  vitro  study  conducted  to  de¬ 
termine  the  effectiveness  of  several  antibiotics,  in  various  concentrations,  against 
organisms  present  in  dental  infections.  For  The  experiment  141  teeth,  extracted 
because  of  advanced  caries,  were  prepared  and  immersed  in  antibiotic  prepara¬ 
tions  from  2  to  5  minutes,  then  removed,  split,  and  cultures  made  of  carious 
matter,  shavings  of  contiguous  dentin,  and  portions  of  the  pulp.  It  was  found 
that  oxytetracyeline  (Terramycin)  in  a  concentration  of  250  mg.  per  cubic 
centimeter  was  the  most  effective  sterilizing  agent  of  the  preparations  tested. 
The  bactericidal  efficiency  for  each  preparation  was  determined  by  the  per¬ 
centage  of  negative  cultures  among  the  total  number  of  cultures  made  from 
all  teeth  immersed  in  it.  The  bactericidal  efficiency  per  cent  of  the  14  prep¬ 
arations  with  their  respective  concentrations  per  cubic  centimeter  of  solution 
is  given  in  Table  I.  ^ 

With  all  of  the  preparations  tested  identification  of  organisms  in  positive 
cultures  gave  the  following  results  in  order  of  frequency:  (1)  from  caries- 
streptococci,  lactobacilli,  and  staphylococci;  (2)  from  dentin-streptococci,  staphy¬ 
lococci,  and  lactobacilli;  (3)  from  pulp-streptococci,  lactobacilli,  and  staphylo¬ 
cocci.  From  control  teeth  without  any  medication,  the  following  organisms 
were  identified  in  order  of  predominance:  (1)  from  caries-lactobacilli,  staphy¬ 
lococci,  and  streptococci;  (2)  from  dentin-staphylococci,  streptococci,  monococci, 
diplococci,  lactobacilli,  filamentous  organisms,  and  leptotrichia ;  (3)  from  the 

Received  for  publication  Feb.  14,  1955  ;  revised  by  authors  Aug.  15,  1955. 
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imlp-strcptococci  and  lactobacilii.  The  staphylococci  identified  were  more  of 
the  alhus  type  and  the  streptococci  of  the  viridans  and  alpha  hemolytic  type. 
Streptococci  were  the  most  resistant  to  the  antibiotics  tested. 

Table  I 

I^ERCENTAGE  OF  NEGATIVE  CULTURES  AMONG  TeETH  IMMERSED  IN  ANTIBIOTIC  SOLUTIONS  FOR 

2  TO  5  Minutes 

PER  CENT 


1.  Oxytetracycline  250  mg.*  92.3 

2.  Penicillin  Sodium  75,000  units*  88.1 

'  3.  Penicillin  Sodium  250,000  units*  70.8 

and  Streptomycin  250  mg.* 

4.  Oxytetracycline  125  mg.*  66.6 

5.  Streptomycin  250  mg.*  65.5 

6.  Penicillin  Sodium  100,000  units*  62.6 

7.  Chlortetracycline  166  mg.*  50.0 

8.  Neomycin  Sulphate  200  mg.*  46.7 

9.  Penicillin  G  Procaine  44.4 

5  10.  Bacitracin  10,000  units*  42.4 

11.  Benzathine  Penicillin  G  300,000  units*  41.7 

12.  Chloromycetin  33.3  mg.*  37.0 

13.  Penicillin  G  Sodium  250,000  units*  33.3 

14.  Penicillin  G  Potassium  100,000  units*  16.6 

and  Sulphonamides  0.5  Gm.* 


•Concentration  per  cubic  centimeter. 


From  the  foregoing  findings  it  is  suggested  that  Terramycin  in  a  concen¬ 
tration  of  250  mg.  per  cubic  centimeter  of  solution  may  be  effective  in  opera¬ 
tive  dentistry  and  endodontics.  In  sterilization  of  cavities  with  or  without 
exposures  and  pulpotomies  the  Terramycin  solution  can  be  applied  with  sat¬ 
urated  cotton  pellets  from  2  to  5  minutes,  and  in  root  canal  therapy  it  can  be 
injected  or  applied  with  saturated  paper  points  and  allowed  to  remain  for  a 
minimum  of  4  to  5  minutes  before  fillings  are  placed.  Further  in  vivo  tests 
should  be  undertaken. 
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VARIATIONS  IN  NERVE  DISTRIBUTIONS  OF  THE 
MAXILLARY  TEETH 
WM.  LESTER  MCDANIEL,  D.D.S.,  M.S.D. 

Northwestern  University  Dental  School,  Chicago,  III. 

Clinicians  have  observed  considerable  variability  in  the  anesthetic  effects 
of  procaine  when  injected  by  conduction  or  infiltration.  It  was  felt  that 
careful  dissections  of  the  nerve  distribution  to  the  maxillary  teeth  might  add 
to  our  knowledge  of  the  cause  of  such  variability.  In  addition,  such  dissections 
might  help  in  the  more  critical  diagnosis  of  obscure  pain  symptoms. 

A  review  of  the  anatomic  and  clinical  literature^'^®  indicates  that  certain 
details  of  the  nerve  supply  of  the  maxillary  teeth  are  in  question  and  recent 
investigations  have  been  on  a  limited  number  of  dissections.  Fifty  maxillae 
were  decalcified  and  dissected  to  show  the  branches  from  the  maxillary  and 
infraorbital  nerves  in  the  belief  that  some  addition  could  be  made  to  our 
knowledge  of  the  innervation  of  the  maxillary  teeth. 

MATERIALS  AND  METHODS 

The  maxillae  used  in  this  study  were  secured  from  the  anatomy  department 
of  the  Northwestern  University  IVIedical  School.  The  maxillary  nerve  remained 
undissected  in  the  specimens.  The  specimens  were  carefully  cleaned  of  soft 
tissue,  preserving  the  nerves  of  the  pterygopalatine  fossa  and  the  sinus  mem¬ 
brane.  They  were  then  placed  in  formaldehyde  for  30  days  to  harden  the 
nerves. 

Specimens  1  through  4,  and  9  through  16,  wore  decalcified  with  dilute 
hydrochloric  acid.  The  time  required  varied  with  the  density  of  the  bone 
and  ranged  from  5  to  15  days,  with  an  average  of  7  days.  These  specimens 
were  bleached  and  dissection  was  difficult.  Specimens  5  through  8  were  de¬ 
calcified  with  dilute  nitric  acid  for  7  days.  The  bone  was  well  decalcified 
but  the  nerves  were  macerated  and  difficult  to  dissect. 

After  being  made  basic  by  soaking  in  a  solution  of  lithium  carbonate, 
the  balance  of  the  specimens  was  decalcified  electrolytically,  using  a  solution 
of  10  per  cent  by  volume  of  90  per  cent  formic  acid  and  8  per  cent  by  volume 
of  37  per  cent  hydrochloric  acid.  The  time  required  varied  from  5  to  8  days. 
Decalcification  was  complete  with  minimum  damage  to  the  nerves  to  be  dissected. 
Actual  dis.scetion  of  the  nerves  to  the  teeth  was  not  possible  in  all  cases. 

RE.SULTS 

Posterior  Superior  Dental  Nerves. — The  posterior  superior  dental  nerves 
were  dissected  in  47  of  the  specimens  and  were  represented  by  1  branch  in  21 

The  data  reported  are  taken  fronj  the  thesis  presented  to  the  Graduate  School  of  North¬ 
western  University  in  partial  fulfUlment  of  the  requirements  for  the  degree  of  Master  of 
Science  in  Dentistry,  1951. 
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(45  per  cent)  (Fig.  1);  by  2  branches  in  14  (30  per  cent)  (Fig.  2);  and  by  3 
branches  in  12  (25  per  cent)  (Figs.  3  and  4)  of  the  specimens. 

In  6  of  the  multiple  nerve  groups,  1  nerve  appeared  to  supply  only  the 
soft  tissue  in  the  region  of  the  maxillary  tuberosity  and  third  molar  region 
(Fig.  5).  In  19  of  the  dissections  a  large  branch  was  observed  supplying  this 
area,  this  branch  coming  from  a  major  branch  to  the  teeth.  This  was  usually 
the  lowest  and  most  posterior  nerve  branch.  In  general  it  was  noted,  where 
only  one  branch  was  present,  that  this  branch  was  larger  than  the  multiple 
nerve  branches. 

Some  of  the  posterior  branches  were  found  to  lie  between  the  bone  and 
the  sinus  membrane  in  all  or  part  of  their  paths  (Fig.  6). 

Where  multiple  branches  were  present,  the  branch  entering  the  highest 
foramen  usually  supplied  the  most  anterior  teeth  (Figs.  2  and  4). 

In  12  of  the  specimens  where  a  middle  branch  was  present,  2  (17  per  cent) 
of  the  posterior  nerves  appeared,  at  least  in  part,  to  supply  the  premolar 
region,  3  (25  per  cent)  appeared  to  supply  the  teeth  only  as  far  as  the  first 
molar,  while  7  (58  per  cent)  joined  in  a  nerve  plexus. 

In  2  cases  (Fig.  1),  a  branch  originated  in  the  pterygopalatine  fossa 
above  the  posterior  branches,  ran  forward  high  on  the  maxilla,  then  coursed 
toward  the  alveolar  process  in  the  region  of  the  premolar  teeth  where  it  ap¬ 
peared  to  innervate  the  region. 

In  some  cases  it  was  possible  to  trace  nerve  filaments  to  the  roots  of  the 
teeth  (Fig.  4). 

Middle  Superior  Dental  Nerve. — Of  the  50  specimens  used  in  this  study 
only  15  (30  per  cent)  followed  the  classical  description  (Fig.  6).  The  majority 
of  these  middle  branches  entered  into  the  formation  of  a  nerve  plexus  which 
supplied  the  teeth  (Fig.  5). 

In  the  34  (68  per  cent)  specimens  in  which  no  typical  middle  dental  nerve 
was  demonstrated,  2  specimens  had  nerves  supplying  the  premolar  region. 
These  nerves  originated  in  the  pterygopalatine  fossa,  coming  off  above  the 
posterior  dental  nerv^es  and  coursing  obliquely  downward  to  the  premolar 
teeth  (Fig.  1). 

In  18  (36  per  cent)  of  the  specimens  in  which  the  typical  middle  branch 
was  absent,  the  anterior  dental  nerve  had  secondary  branches  which  descended 
to  the  area  of  the  premolar  teeth.  This  is  in  agreement  with  Cunningham  V 
statement  that  the  middle  superior  dental  nerve  may  be  separate  or  may  be 
only  a  secondary  branch  of  the  anterior,  but  in  some  instances  the  posterior 
superior  dental  nerve  supplies  the  premolar  teeth  in  the  absence  of  the  middle 
superior  dental  nerve  (Figs.  2  to  4).  In  these  cases  the  posterior  dental 
nerves  either  ended  at  the  first  molar  or  formed  a  dental  plexus  with  the 
anterior  nerve. 

In  most  cases  the  middle  superior  dental  nerve  was  found  to  lie  between 
the  sinus  membrane  and  the  maxillary  bone  in  at  least  part  of  its  coui'se. 

Anterior  Superior  Dental  Nerve. — The  origin,  course,  and  distribution  of 
the  anterior  .superior  dental  nerve  conformed  most  neariy  to  the  classical 
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description.  The  exception  was  found  in  the  18  specimens  having  secondary 
nerve  branches  to  the  premolar  region,  and  in  which  the  middle  dental  nerves 
were  absent  (Figs.  2  and  3). 


kik.  1. 


Fig.  1. — Disseotiun  48.  Unu.sual  middle  dental  nerve  originating  in  pterygopalatine  fossa 
above  posterior  dental  nerve.  Point  B  shows  an  anastomosis  between  the  3  maxillary  dental 
nerves  in  what  is  believed  to  be  a  sensory  ganglion. 

Fig.  2. — Dissection  24.  Definite  nerve  plexus  between  2  posterior  dental  nerves  and  an 
anterior  dental  nerve  with  secondary  branch  to  premolar  area.  Middle  dental  nerve  absent. 
Point  A  is  believed  to  represent  a  sensory  ganglion. 

Fig.  3. — Dissection  26.  Single  posterior  dental  nerve  in  a  definite  plexus  with  an  an¬ 
terior  dental  nerve  with  secondary  branch  to  premolar  region.  Sensory  ganglion  believed  to 
be  present  at  point  A  above  root  of  first  premolar  tooth. 


In  must  cases  the  origin  was  from  the  infraorbital  nerve,  arising  at  a 
variable  point  in  the  infraorbital  canal.  The  nerve  usually  enters  the  bone  a 
short  distance  from  the  infraorbital  foramen.  It  proceeds  downward  and 
forward  in  the  bone  to  a  point  above  the  ajiices  of  the  anterior  teeth. 

In  half  of  the  specimens,  the  nerve,  after  entering  the  Ixme,  passed  medially 
to  the  nasal  process  of  the  maxillae  and  then  proceeded  downward  to  supply 
the  teeth. 
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In  all  cases  where  a  middle  branch  was  present,  or  where  the  anterior 
branch  was  double,  definite  superior  dental  nerve  plexuses  were  present. 

Superior  Dental  Plexus. — The  presence  of  a  superior  dental  plexus  was 
definitely  established  in  24  (48  per  cent)  of  the  specimens  (Figs.  2  to  4,  and  6). 


4. — DIuHectlon  17.  Definite  nerve  plexu8  composed  of  3  posU*rlor  dental  nerves  anti 
an  anterior  rlental  nerve  with  secondary  branch  to  the  premolar  refiion.  Dines  drawn  Into 
the  teeth  indicate  that  these  nerves  were  actually  traced  to  these  teeth. 

KIr.  5. — Dissection  50.  Definite  plexus  between  3  posterior  dental  nerves  and  the  middle 
and  anterior  dental  nerves. 

FIr.  6. — Dissection  1.  flenerally  accepted  Innervation  of  the  maxillary  teeth.  Note 
independent  minor  branch  to  tuberosity  area  and  probable  anastomoses  between  the  posterior 
and  middle  dental  nerves.  One  of  the  posterior  nerves  and  the  middle  dental  nerve  lie  be¬ 
tween  the  bone  and  the  ntaxillary  sinus  membrane  for  a  part  of  its  course. 

In  4  cai«‘s  (H  per  cent)  the  dental  plexus  was  iM'lh'ved  tn  Is*  prestmt,  but  its 
pri'sence  was  not  tlefinitely  .shown,  usually  because  tif  piMir  tlecalcification.  In 
11  (22  per  cent),  the  plexus  was  definitely  noted  as  not  Inung  jiresent,  while 
in  yet  another  11  (22  per  cent)  the  existence  of  the  dental  plexus  was  not 
determined. 
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The  presence  of  a  superior  dental  plexus  appears  to  be  favored  by  multiple 
posterior  branches  and  the  presence  of  a  middle  branch  or  an  anterior  branch 
with  multiple  main  branches. 

In  3  dissections  (Figs.  1  to  3),  nerve  arrangements  were  noted  that  ap¬ 
peared  to  be  sensory  ganglions.  Both  of  these  were  associated  with  nerve 
l)lexu.ses.  One  of  these  gangliforms  was  found  between  the  posterior  superior 
dental  and  the  middle  superior  dental  nerves  in  one  ease.  This  conforms  to 
the  ganglion  of  Valentin,  of  which  Robinson*^  stated  that  when  present  it 
is  found  over  the  second  upper  premolar.  In  another  ease  the  ganglion  was 
found  between  the  secondary"  branches  of  the  anterior  dental  nerve  and  the 
posterior  dental  nerve,  and  the  third  ease  found  it  between  the  secondary 
branches  of  the  anterior  dental  nerves.  This  latter  ganglion,  when  found 
between  the  anterior  and  middle  dental  nerves,  has  been  called  the  ganglion 
of  Boehdalek. 

DISCUSSION 

The  composite  views  of  the  anatomists  have  been  verified  by  this  group 
of  dis.seetions. 

The  posterior  superior  dental  nerve  was  found  to  be  a  single  nerve  in  45 
per  cent  of  these  dis.seetions,  as  indicated  by  the  earlier  anatomists,®  while  55 
per  cent  of  the  specimens  revealed  multiple  nerve  branches,  which  agrees  with 
the  later  investigators.*’  *’  ** 

The  greatest  variation  appears  in  the  fonnation  of  the  middle  superior 
dental  nerv’e,  with  only  30  per  cent  of  the  specimens  following  the  usual 
description.  It  has  been  stated®*  **  that  the  middle  nerve  may  be  abs<'nt,  or 
may  be  a  branch  of  the  anterior  superior  dental  nerve,*’  which  was  verified 
in  36  per  cent  of  the  eases  in  this  study. 

The  anterior  superior  dental  nerve  was  found  to  be  i)resent  in  all  of  the 
specimens  of  this  study.  In  many  eases  it  was  the  largest  of  the  nerves.  The 
posterior  dental  nerves  were  traced  to  the  premolar  region  in  26  per  cent  of 
the  specimens.  In  12  per  cent  of  the  eases  the  anterior  dental  nerve  was 
traced  to  the  premolar  region.  In  48  per  cent  of  the  eases,  the  teeth  were 
found  to  be  innervated  from  a  dental  plexus  which  was  the  result  of  an 
anastomosis  between  the  dental  nerves. 

The  above  innervation  of  the  upper  preniolar  teeth  has  been  partially 
substantiated  clinically  by  the  writer.  In  15  eases  where  the  first  or  second 
upper  premolar  teeth  were  tender  to  i)ereu.ssion  and  the  i)atient  complained 
of  acute  symptoms,  the  teeth  were  extracted,  i)ainles.sly,  without  the  usual 
buccal  infiltration  of  lU'oeaine.  It  was  found  that  either  an  infraorbital  or 
zygomatic  block  injection,  or  l>oth,  gave  complete  anestlu’sia  to  the  teeth.  The 
infraorbital  injection  gave  complete  anesthesia  lt»  the  first  premolar  tooth 
more  freijuently  than  it  did  to  the  second  premolar.  This  clinical  finding 
agrees  in  part  with  Scharlau’s'“  anesthetic  Zorn’s. 
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CONCLUSIONS 

1.  Many  variations  won*  fomnl  in  tlu;  origin,  ronrso,  aiul  distribution  of 
tin*  maxillary  nervos  to  tlie  tooth. 

2.  Ill  48  per  oont  of  tho  casos  the  inaxilluiy  loetli  were  supiiliod  by 
brandies  from  a  dental  plexus. 

3.  The  posterior  dental  nerves  may  consist  of  1,  2,  or  3  branches. 

4.  The  middle  dental  nerve  is  inconstant,  being  present  in  17  (34  per  cent) 
of  the  specimens. 

5.  The  anterior  dental  nerve  was  always  present  and,  in  many  cases 
when  the  middle  dental  nerve  was  absent,  this  nerv'e  had  a  secondary  branch 
which  supplied  the  premolar  region. 

6.  The  posterior  dental  nerve  was  traced  to  the  premolar  region  in  13 
(26  per  cent)  of  the  dissections. 

7.  The  anterior  dental  nerve  was  traced  to  the  premolar  region  in  6  (12 
per  cent)  of  the  dissections,  where  only  single  branches  were  present.  In 
18  (24  per  cent)  of  the  specimens  M'here  the  middle  dental  nerve  was  absent 
a  secondary  branch  of  the  anterior  supplied  the  premolar  region. 

8.  Vague  maxillary  pain  in  the  premolar  region  may  be  explained  by 
maxillary  sinus  infection  which  could  cause  pressure  or  irritation  to  the 
superior  dental  nerve. 

9.  Lack  of  uniformity  in  procaine  anc.sthesia  by  conduction  or  infiltration 
may  be  explained  by  variations  in  the  anatomic  distribution  of  the  maxillary 
nerve. 
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THE  EFFECT  OF  DESICCATED  THYROID,  PROPYLTHIOl  RACIL, 
TESTOSTERONE,  AND  FLUORINE  ON  THE  SUBMAXILLARY 
OLANDS  OF  THE  RAT 
WJLLIAM  G.  SHAFER  AND  JOSEPH  C.  MUHLER 

[iidinaa  University  School  of  Dentistry  and  Department  of  Chemistry,  Indianapolis  and 

Bloominyton,  Ind. 

WITH  THE  TECHNICAL  ASSISTANCE  OF  PATRICIA  G.  CLARK 

A  RELATIONSHIP  between  the  thyroid  fjland  and  the  salivary  glands  has 
been  suggested  by  occasional  reports  appearing  in  the  literature  during 
the  last  few  years.  Previous  to  this,  a  relationship  between  other  endocrine  or¬ 
gans  and  the  salivary  glands  was  recognized  by  the  fact  that  gonadectomy  or 
the  administration  of  various  sex  hormones  profoundly  alters  the  structure  of 
the  salivary  glands  in  experimental  animals.*  *  The  function  of  the  salivary 
glands,  as  judged  by  the  determination  of  the  amylolytic  activity  of  the  saliva, 
has  been  shown  to  be  altered  by  castration  in  mice,'*  while  a  possible  functional 
relationship  l>etw'een  the  hypophysis  and  the  salivary  glands  also  has  been 
demonstrated  in  mice  and  rats.®  * 

That  the  thyroid  gland  is  directly  related  to  the  structure,  function,  and 
metabolism  of  the  salivary  glands  has  been  suggested  by  the  work  of  Grad  and 
Leblond,®  w’ho  have  shown  alterations  in  the  structure  of  the  rat  subniaxillar\’ 
gland  concomitant  with  alterations  in  function  of  the  thyroid  gland.-  In  addi¬ 
tion,  testosterone  was  shown  to  possess  a  synergistic  effect  with  the  thyroid 
hormone  on  the  .salivary  gland.*’  **  Burris,  Bogart,  and  Krueger**  have  re¬ 
ported  an  increa.se  in  the  weight  and  activity  of  the  thyroid  gland  of  cattle 
administered  testo.sterone. 

Raynaud**  has  shown  that  the  direct  injection  of  testosterone  into  the  sub¬ 
maxillary  glands  of  mice  resulted  in  a  marked  hypertrophy  of  the  tubules  and 
he  interpreted  this  as  evidence  of  a  direct  action  of  this  androgen  on  the  gland. 
Arvy  and  Gabe**  produced  atrophy  of  the  submaxillary  gland  tubules  in  mice 
by  thyroidectomy  and  found  that  the  atrophy  disappeared  upon  administration 
of  thyroxine  to  the  thyroidectomized  animals.  Arvy,  Debray,  and  Gabe*® 
further  showed  that  thiourea  produced  tubular  atrophy  of  the  submaxillary 
glands  similar  to  that  produced  by  thyroidectomy.  Gabe**  has  also  reported  that 
the  administration  of  thyroxine  to  hypophysectomized  rats  caused  disappear¬ 
ance  of  the  atrophy  of  the  submaxillary  gland  tubules  which  follows  hypophysec- 
tomy.  An  increase  in  the  nuclear  volume  of  tubular  cells  of  mice  submaxillary 
glands  following  the  administration  of  testosterone  has  been  reported  by  Valeri,*^ 
and  he  believed  this  indicates  increa.sed  secretory  activity  of  the  tubular  cells. 

This  investigation  was  supported  by  the  Medical  Research  and  Development  Board,  Office 
of  the  Surgeon  General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-332. 
Received  for  publication  June  18,  1955. 
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Fawcett  and  Kirkwood*®  have  proposed  that  one  of  the  important  functions 
of  the  salivary  glands  is  to  control  the  level  of  thyroxine  in  the  blood  by  de- 
iodinating  thyroxine  and  recycling  the  iodide  ion  to  the  thyroid  gland  via  the 
saliva  and  gastrointestinal  tract.  Their  work  clearly  indicates  that  the  level  of 
thyroxine  in  the  blood  is  controlled  not  only  by  the  rate  of  synthesis  of  the 
thyroid  hormone  but  also  by  the  rate  of  degradation  in  the  salivary  glands. 
Therefore,  the  salivary  glands  function  as  “reverse  thyroid”  organs,  and  have 
an  extremely  important  role  in  the  extra  thyroidal  metabolism  or  organic  iodide 
in  the  body.  A  report  by  Albright,  Larson,  and  Deiss'*  demonstrating  hyper¬ 
trophy  of  the  salivary  glands  following  the  administration  of  triiodothyronine 
for  myxedema  in  the  human  may  aid  in  the  confirmation  of  this  hypothesis. 
Previously,  Reiss,  Halkerston,  Halkerston,  and  Badrick,**  on  studies  of  radio¬ 
active  iodine  uptake  and  excretion  in  humans,  have  shown  that  the  saliva  of 
some  patients  contained  up  to  600  times  more  per  100  mg.  wet  weight  than 
the  blood  and  stated,  “It  appears  that  this  concentrating  activity  of  the  salivary 
glands  has  some  relation  to  the  state  of  the  thyroid  function.” 

A  portion  of  the  studies  to  be  reported  here  was  prompted  by  an  interesting 
theory  suggested  by  Rathje**  which  bears  directly  on  the  possible  mechanism  of 
action  of  fluoride  in  reducing  dental  caries  through  a  salivary  gland-thyroid 
relationship.  Since  it  is  a  well-established  fact  that  the  function  of  an  organ 
may  be  reflected  in  its  histologic  structure  and,  more  specifically,  that  since  the 
alteration  in  function  of  the  salivary  glands,  as  judged  by  their  histologic  struc¬ 
ture,  may  alter  the  incidence  of  dental  caries,  the  implication  would  1h‘  obvious 
if  the  thyroid  gland  does  influence  the  salivary  glands:  thyroid  gland  function 
may  be  of  prime  importance  in  determining  dental  caries  activity. 

KXI’KKIMENTAL  METHOD.S 

This  study  was  divided  into  2  series:  in  the  first  series,  215  weanling  albino 
rats  (Sprague-I)awley  strain),  of  which  161  survived  the  experimental  periml 
of  145  days,  were  divided  into  6  groups.  (Iroui)  I  were  controls  and  received 
no  treatment;  (Jroup  II  received  desiccated  thyroid  in  the  diet,  increasing 
from  10  to  60  mg.  per  day  depending  on  the  age  and  growth  response  of  the 
animal;  Group  III  received  propylthiouracil  in  the  diet  at  a  concentration  of 
100  mg.  per  100  Gm.  of  food;  Group  IV^  received  20  ppm  of  fluoride  (as  NaF)  in 
the  drinking  water;  Group  V  received  the  same  amount  of  desiecated  thyroid 
as  Group  II  and,  in  addition,  received  a  similar  amount  of  fluorine  as  the  ani¬ 
mals  in  Group  IV;  Group  VI  received  the  propylthiouracil  diet  plus  the  same 
amount  of  fluoride  as  Group  IV^.  All  of  the  animals  were  housed  in  pairs  in 
wire  Imttom  cages  and  received  a  stock  corn  car’ogenic  diet.*®  Food  and  water 
were  available  ad  libitum. 

Th(‘  st'cond  series  consisted  of  240  weanling  Sprague- Dawley  rats  of  which 
195  animals  survived  the  126-day  exi)erimental  period.  The  animals  were 
divided  into  6  groups  and  received  the  following  supplements:  Grmip  I  were 
controls  and  received  no  treatment;  Group  11  reci'ived  in  increasing  amounts 
1  to  20  mg.  daily  of  desiccated  thyroid  in  the  diet,  depending  on  the  age  and 
general  appearance  of  the  animals;  Group  III  received  propylthiouracil  in  the 
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diet  at  a  concentration  of  100  mg.  per  100  Ciin.  of  food;  Group  IV  received 
1.25  mg.  of  testosterone*  per  week  injected  intramuscularly;  Group  V  received 
the  same  amount  of  thyroid  as  Group  II,  while  Group  VI  received  the  same 
amount  of  thiouracil  as  Group  III.  In  addition,  both  Groups  V  and  VI  re¬ 
ceived  the  same  amount  of  testosterone  as  Group  IV.  The  cariogenic  diet  and 
housing  conditions  were  identical  to  those  de.scribed  in  the  former  series. 

At  the  termination  of  the  studies,  the  animals  were  sacrificed  by  chloroform 
inhalation  and  the  salivary  glands  removed  for  fixation  in  Ilelly’s  fluid.  Sec¬ 
tions  of  these  glands  were  stained  with  hematoxylin  and  eosin  as  well  as  with 
IMallory’s  one-step  aniline  blue  since  the  latter  has  been  found  to  give  better 
visualization  of  the  structures  of  interest  in  the  submaxillary  glands.  Since 
no  marked  changes  were  noted  in  the  parotid  or  sublingual  glands,  the  present 
discussion  pertains  only  to  the  submaxillary  glands. 

The  particular  structure  which  appeared  to  exhibit  structural  alteration 
under  the  conditions  of  these  studies  was  the  “serous  tubule”  or  “granular 
tubule”  which,  anatomically,  appears  to  lie  between  the  acinus  and  the  intra¬ 
lobular  excretory  duct.  Normally,  these  tubules  are  small  and  sparse  in  the 
weanling  animal  but  appear  larger  and  in  greater  numbers  as  the  animal  ages. 
The  functions  of  these  granules  are  not  known  although  they  appear  to  be 
discharged  into  the  excretory  tubules  in  the  same  form  as  they  appear  intra- 
cellularly.  The  relative  presence  or  absence  of  these  granules  could  markedly 
affect  the  composition  or  consistency  of  the  salivary  secretion.  The  method 
used  to  determine  differences  in  these  tubules  between  the  various  experimental 
groups  is  the  measurement  of  their  diameter  by  means  of  a  micrometer  eyepiece. 


RESULTS 


In  the  first  series,  the  differences  between  control  and  thyroid-treated  ani¬ 
mals  were  immediately  apparent  (Table  I).  The  granular  tubules  of  the  latter 
group  were  significantly  larger  than  those  of  the  controls  and,  while  the  measure¬ 
ments  do  not  indicate  this,  the  tubules  were  choked  with  granules  (Fig.  1). 
The  thiouracil-treated  animals  similarly  exhibited  marked  differences  from 
the  controls,  showing  a  marked  diminution  in  size  of  the  tubules  with  an  almost 
complete  disappearance  of  granules.  It  is  interesting  that  the  fluoride-treated 
animals  showed  no  differences  when  compared  to  the  controls.  The  simul¬ 
taneous  administration  of  thyroid  and  fluoride,  or  thiouracil  and  fluoride  pro¬ 
duce  no  consistent  changes  of  a  magnitude  greater  or  le.sser  than  those  seen  in 
animals  treated  only  with  thyroid  and  thiouracil,  respectively.  Thus,  no  evi¬ 
dence  could  be  found,  based  on  the  histologic  appearance  of  the  submaxillary 
glands,  that  fluoride  in  any  way  directly  altered  the  function  of  the  salivary 
glands.  However,  it  is  well  recognized  that  the  function  of  an  organ  may  be 
altered  without  histologic  evidence  of  sucli  alteration.  Such  a  condition  is  still 
a  pos.sibility  with  regard  to  fluoride  and  the  salivaiy  glands. 

In  the  second  series,  testosterone  was  utilized  to  detennim*  whether  a 
synergism  with  the  thyroid  hormone  exists.  As  in  the  previous  study,  it  was 


•The  authors  wish  to  thank  Schering  Corp.,  Bloomheld,  New  Jersey,  for  supplying  the 
testosterone  (Oreton-F)  used  in  these  studies. 
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Fig.  1. — A,  Subtnaxillary  salivary  gland  of  rat  receiving  desiccated  thyroid  shows  large, 
granule-choked  tuhules.  H,  Suhmaxillary  salivary  gland  of  rat  receiving  propylthiouracil 
shows  nearly  complete  absence  of  granules  and  diminution  in  size  of  the  tubules.  C,  High- 
power  photomicrograph  of  a  single  tubule  in  thyroid-treated  rat  shows  accumulation  of 
granules.  D,  High-power  photomicrograph  of  a  single  tubule  in  thiouracil-treated  rat  shows 
loss  of  granules. 
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Tabi,e  I 


Effkit 

OF  Desiccated  Thykoid,  Pkopylthiouracil,  and  Fluorine  on  the 
Tubules  of  the  Submaxillary  Giand  of  the  Rat 

Size  of  Granular 

* 

MEAN 

STAND- 

DIAMETER  OF 

AKD 

probability  of  SIGNIFlCANCEt 

TUBULES 

DEVIA- 

DIFFER- 

d  AT  .05 

d  AT  .01 

(MICRA) 

TION 

GROUPS 

ENCE 

LEVEL 

LEVEL 

(1) 

Control 

39.3* 

2.2 

1  VS.  2 

35.6 

10.42 

(^) 

Thyroid 

47.1 

1.3 

Ivs.  3 

16.7 

10.42 

12.55 

(3) 

Thiouracil 

35.6 

1.1 

2  vs.  3 

52.3 

10.42 

12.55 

(4) 

Fluorine 

41.4 

1.5 

1  vs.  4 

9.5 

10.42 

12.55 

< 

(5) 

Thyroid-fluorine 

47.3 

2.3 

2  vs.  5 

2.9 

12.23 

14.42 

(«) 

Thiouracil-fluorine 

33.7 

1.4 

3  vs.  6 

9.0 

10.42 

12.55 

(■) 

Control 

40.0 

1.2 

7  vs.  8 

23.4 

15.31 

18.45 

(8) 

Thyroid 

45.2 

1.3 

7  vs.  9 

43.7 

13.94 

16.80 

Thiouracil 

30.4 

1.3 

8  vs.  9 

67.1 

15.31 

18.45 

< 

(10) 

Fluorine 

41.2 

2.1 

7  vs.  10 

6.0 

13.94 

16.80 

(11) 

Thyroid-fluorine 

45.5 

2.8 

8  vs.  11 

1.7 

15.31 

18.45 

(12) 

Thiouracil-fluorine 

34.0 

1.8 

9  vs.  12 

16.3 

13.94 

16.80 

*An  measurements  are  based  on  10  animals  from  each  group  selected  at  random,  with 
100  measurements  made  in  each  group. 

tin  the  method  of  analysis  used  in  this  study,  if  the  difference  is  equal  to  or  greater 
than  the  given  d  -  value.  It  is  considered  significant  at  the  probability  level  associated  with 
the  d  -  value.  It  should  be  noted  that  the  difference  is  not  the  mathematical  difference  of 
the  means  between  the  various  groups  but  is  a  difference  derived  in  the  analysis. 

For  method  see:  Scheffe,  H. :  A  Method  for  Judging  All  Contrasts  in  the  Analysis  of 
Variance,  Hlometrika  40:  87,  1953. 


Table  II 

Ekfect  of  Desiccated  Thyroid,  Propylthiouracil,  and  Testosterone  on  the  Size  of 
Granuiar  Tubules  of  the  Submaxillary  Gland  of  the  Rat 


MEAN 

1 

DIAMETER 

STANDARD 

PROBABILITY  OP  SIGNIFlCANCEt 

OF  TUBULES 

DEVIA- 

DIFFER- 

d  AT  .05 

d  AT  .01 

(MICRA) 

TION 

GROUPS 

ENCE 

LEVEL 

LEVEL 

(1) 

Control 

44.0* 

2.8 

1  VS.  2 

28.3 

14.25 

17.15 

7J 

(2) 

Thyroid 

50.2 

1.7 

Ivs.  3 

51.1 

14.25 

17.15 

M 

(3) 

Thiouracil 

32.8 

1.7 

2  vs.  3 

79.4 

14.25 

17.15 

?? 

(4) 

Testosterone 

46.3 

2.9 

1  vs.  4 

11.2 

14.25 

17.15 

•  (5) 

Thyroid-testosterone 

53.2 

1.7 

1  vs.  5 

42.0 

14.70 

17.69 

(fi) 

Thiouracil-testos- 

terone 

34.2 

1.1 

1  vs.  6 

44.8 

14.25 

17.15 

4  vs.  5 

30.8 

14.70 

17.69 

4  vs.  6 

56.0 

14.25 

17.15 

2  vs.  5 

13.7 

14.70 

17.69 

3  vs.  6 

6.3 

14.25 

17.15 

02 

» 

(7) 

Control 

39.5 

2.0 

7  vs.  8 

28.8 

15.51 

18.66 

(8) 

Th)rroid 

45.8 

3.7 

7  vs.  9 

30.4 

15.51 

18.66 

(9) 

Thiouracil 

32.8 

1.9 

8  vs.  9 

59.2 

15.51 

18.66 

(10) 

Testo-s  terone 

44.6 

2.2 

7  vs.  10 

23.3 

15.51 

18.66 

(11) 

'I'hyroid-testosterone 

49.7 

2.6 

7  vs.  11 

46.6 

15.51 

18.66 

Urn 

(12) 

Thiouracil-testos- 

terone 

33.5 

1.6 

7  vs.  12 

27.2 

15.51 

18.66 

10  vs.  11 

23.4 

15.51 

18.66 

10  vs.  12 

50.4 

15.51 

18.66 

8  vs.  11 

17.8 

15.51 

18.66 

9  vs.  12 

3.2 

15.51 

18.66 

*A11  measurements  are  based  on  10  animals  from  each  group  selected  at  random,  with 
100  measurements  made  in  each  group. 


tin  the  method  of  analysis  used  in  this  study,  if  the  difference  is  equal  to  or  greater 
than  the  given  d  -  value,  it  is  considered  significant  at  the  probability  level  associated  with 
the  d  -  value.  It  should  be  noted  that  the  difference  is  not  the  mathematical  difference  of 
the  means  between  the  various  groups  but  is  a  difference  derive<l  in  the  analysis. 

For  method  see:  Scheffe,  H. :  A  Method  for  Judging  All  Contrasts  in  the  Analysis 
of  Variance,  Hionietrlka  40:  87,  1953. 
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with  a  concomitant  loss  of  granules  (Table  II).  Testosterone  alone  in  the  males 
was  found  to  cause  a  slijfht  but  statistically  insiu;nifica»it  increase  in  the  size  of 
the  tubules  in  the  males.  This  is  in  contradistinction  to  a  study  previously  re¬ 
ported*  in  which  a  significant  increase  in  size  was  noted.  However,  in  the 
females  in  this  present  study,  testosterone  did  produce  a  definite  significant 
increase  in  tubular  diameter.  Of  inten^jt  was  the  fact  that  desiccated  thyroid 
and  testosterone  administered  simultaneously  produced  an  enlargement  of 
tubules  considerably  greater  than  that  produced  by  either  testosterone  or  thy¬ 
roid  alone,  but  this  was  not  found  to  be  statistically  significant.  The  reason 
for  this  may  be  that  the  tubules  were  enlarged  to  the  maximum  level  and  that 
while  a  true  increase  was  present,  this  could  not  be  directly  evaluated  by  the 
present  methods  of  detection.  Testosterone  administered  with  thiouracil  caused 
alterations  of  no  greater  magnitude  than  those  produced  by  tbiouracil  alone. 

DISCUSSION 

The  studies  reported  here  suggest  that  an  intimate  relationship  exists  be¬ 
tween  the  rat  thyroid  gland  and  submaxillary  gland.  It  is  (juite  possible  that 
such  alterations  in  structure  may  result  in  changes  in  the  salivary  secretion, 
although  direct  evidence  for  this  is  not  available  at  the  present  time.  This  is  of 
prime  dental  interest  since  changes  in  the  nature  of  the  saliva  might  easily 
produce  changes  in  the  incidence  of  dental  caries  and  periodontal  disease.  Ex¬ 
perimental  dental  caries  studies  were  carried  out  on  the  animals  described 
above  and  have  been  reported  elsewhere.**’  **  In  these  studies  it  was  found  that 
thiouracil  caused  a  marked  increase  in  dental  caries  incidence  while  thyroid 
produced  a  marked  reduction.  Further,  thyroid  and  testosterone  produced 
a  much  greater  reduction  in  dental  caries  than  either  acting  alone.  It  may 
be  seen,  therefore,  that  experimental  rat  dental  caries  incidence  closely  parallels 
the  pattern  or  structure  of  salivary  glands.  A  similar  relationship  has  been 
reported  in  hypophysectomized  animals.® 

It  appears  that  many  procedures,  including  gonadectomy,  administration 
of  various  male  and  female  sex  hormones,  and  hypophysectomy,  can  produce 
alterations  in  the  structure  of  the  submaxillary  glands.  In  addition,  extremely 
severe  changes  have  been  noted  in  animals  receiving  propylthiouracil  or  desic¬ 
cated  thyroid,  particularly  when  the  latter  is  combined  with  testosterone.  Clari¬ 
fication  of  this  phenomenon,  particularly  as  to  whether  this  represents  a  func¬ 
tional  change  in  the  salivary  glands  with  the  concomitant  alteration  in  the  in¬ 
cidence  of  dental  caries,  awaits  further  study. 

SUMMARY  AND  CONCLUSIONS 

Two  studies  have  been  conducted  to  evaluate  the  effect  of  thyroid  func¬ 
tion  on  the  structure  of  the  rat  submaxillary  salivary  glands.  In  the  first 
series,  the  administration  of  desiccated  thyroid  and  of  propylthiouracil  resulted 
in  marked  variations  in  the  histologic  pattern  of  this  gland,  while  fluoride,  either 
alone  or  in  conjunction  with  desiccated  thyroid  and  propylthiouracil,  pnaluced 
no  additional  significant  changes. 
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In  the  second  series  of  observations,  desiccated  thyroid  and  propylthiouracil 
were  administered  alone  as  well  as  testosterone  alone  and  in  conjunction  with 
the  desiccated  thyroid  and  propylthiouracil.  The  two  latter  comiiounds  re¬ 
sulted  in  alterations  in  the  submaxillary  gland  identical  with  those  noted  in 
the  first  study.  Testosterone  alone  produced  no  significant  changes  in  the 
male,  but  the  changes  in  the  female  were  of  a  significant  magnitude.  Testos¬ 
terone  in  combination  with  propylthiouracil  produced  no  additional  changes 
from  those  seen  in  animals  treated  with  the  propylthiouracil  alone.  The  concom¬ 
itant  administration  of  testosterone  and  desiccated  thyroid  produced  greater 
changes  than  when  either  of  the  two  was  administered  alone.  However,  these 
former  alterations  were  found  not  to  be  statistically  significant. 

It  is  suggested  that  an  intimate  relationship  exists  between  thyroid  gland 
function,  the  Olivary  glands,  and  experimental  dental  caries  in  the  rat. 

We  wish  to  thank  Dr.  Arthur  W.  Radike  and  Mr.  Robert  Lenhoff  for  the  statistical 
analysis  of  these  data. 
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THE  INFLUENCE  OF  DIETS  CONTAINING  FATS  WITH  HIGHLY 
UNSATURATED  FATTY  ACIDS  UPON  THE  MAXILLARY 
INCISOR  TEETH  OF  RATS 
J.  T.  IBVING 

Joint  Dental  Research  Unit  of  the  South  African  Council  for  Scientific  and  Industrial  Research 
and  the  University  of  the  Witwaiersrand,  Johannesburg,  South  Africa 

IT  WAS  reported  by  Granados  and  Dam®  and  by  Granados,  Mason,  and  Dam^’  ® 
that  diets  containing  fats  with  a  high  content  of  highly  unsaturated  fatty 
acids  caused  degeneration  of  the  enamel  organ  and  depigmentation  of  the  in¬ 
cisor  teeth  of  rats,  these  changes  being  prevented  by  the  administration  of 
a-tocopherol.  Irving  and  Budtz-Olsen^®  repeated  these  experiments  and  found 
that  the  results  obtained  depended  on  the  type  of  liver  oil  used  as  a  source  of  the 
highly  unsaturated  fatty  acids.  Using  cod-liver  oil,  certain  changes  were  ob¬ 
tained  similar  to  those  described  by  Irving”  in  vitamin  E  deficiency,  and  these 
changes  were  avertable  by  a-tocopherol  dosage.  If  hake-liver  oil  was  used  at 
the  same  level  in  the  diet  (10  or  20  per  cent),  histologic  changes  in  the  enamel 
organ  were  obtained  which  differed  in  many  respects  from  those  obtained  with 
the  cod-liver  oil  diet  and  which  were  not  prevented  by  a-tocopherol  administra¬ 
tion.  It  was  suggested  that  this  was  due  to  the  high  content  of  vitamin  A  in 
hake-liver  oil.  The  pre.sent  paper  describes  these  histologic  changes,  using 
lM)th  cod-liver  oil  and  hake-liver  oil. 

EXPERIMENTAL 

Diets. — Diets  were  based  on  that  of  Gillman,  Gilbert,  Gillman,  and  Spence® 
and  consisted  of  potato  starch,  dried  brewers’  yeast,  and  fish-liver  oil.  In  all 
diets  the  level  of  yeast  was  20  per  cent;  the  fish-liver  oil  was  at  different  levels, 
the  balance  being  made  up  from  potato  starch.  A  thick  paste  was  made  of  the 
starch  in  boiling  water.  After  this  had  cooled,  the  other  ingredients  were  thor¬ 
oughly  stirred  in.  Using  cod-liver  oil,  the  levels  of  oil  in  the  diet  were  20,  10, 
or  2.5  per  cent.  As  the  changes  observ'ed  in  the  teeth  were  the  same  with  these 
3  levels,  the  diets  using  cod-liver  oil  will  be  collectively  referred  to  as  Diet  1. 
With  hake-liver  oil  20  or  10  per  cent  levels  were  u.sed.  Since  again  the  dental 
n*sults  were  the  same  with  both  levels,  these  2  diets  will  be  referred  to  collec¬ 
tively  as  Diet  2,  Control  animals  were  given  3  mg.  of  a-toeopherol  acetate 
(Ephynal,  Roche)  daily  in  3  Gm.  of  freshly  made  diet. 

Hats. — Albino  rats  of  the  Wistar  Institute  strain  were  employed.  Both 
sexes  were  used  indiscriminately,  as  it  was  found  that  similar  results  were  got 
with  each.  The  rats  were  placed  on  the  diets  when  they  weighed  about  50 
grams.  Forty-two  rats  were  used  on  Diet  1,  half  on  the  diet  alone,  and  half 
getting  a-tocopherol  in  addition.  Forty  rats  were  placed  on  Diet  2,  28  being 
on  the  diet  alone,  and  12  getting  a-tocopherol  supplements.  The  number  and 
days  of  killing  of  all  grou^is  are  given  in  Table  I. 
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Table  I 

Treatment  of  Rats  and  Number  Killed  on  Various  Days  After  the  Experiment  Began 


DIET 

SOURCE  OF  HIGHLY 

UNSATURATED 

FATTY  ACIDS 

O-TOCOPHEROL  ^ 

10  1 

15  1 

1  20 

DAYS 

1  30  1 

40  1 

50 

1  60 

1 

Cod-liver  oil 

None 

- 

- 

3 

6 

9 

2 

1 

1 

Cod-liver  oil 

3  mg.  daily 

- 

- 

3 

6 

9 

2 

1 

2 

Hake-liver  oil 

None 

3 

1 

5 

15 

4 

- 

- 

2 

Hake-liver  oil 

3  mg.  daily 

- 

- 

3 

8 

1 

- 

- 

After  death,  the  color  of  the  upper  incisor  teeth  was  noted;  blood  was  taken 
for  the  dialuric  acid  hemolysis  test  ((lyorpy  and  Rase®);  and  the  skulls  were 
decalcified  and  central  longitudinal  sections  of  the  upper  ineisor  teeth  were 
stained  with  hematoxylin  and  eosin. 

RESULTS 

Diet  1  (Containing  Cod^Liver  Oil). — The  enamel  organs  of  all  rats  on  this 
diet  without  a-toeopherol  were  affected.  The  mast  striking  change  was  the  dis¬ 
appearance  of  the  enamel  organ  and  its  replacement  by  fibrous  tissue  covered  by 
a  very  thin  layer  of  fiattened  cells  and  containing  many  macrophages.  This 
change  might  be  gradual  as  one  progressed  from  the  formative  to  the  incisal 
end  of  the  tooth,  the  epithelial  papillae  becoming  flatter,  then  the  ameloblasts 
becoming  reduced  in  height,  and  the  whole  enamel  organ  becoming  narrower 
by  degrees  (Fig.  1);  the  outer  enamel  epithelium  then  appeared  as  a  condensed  ■ 

layer  against  the  flattened  ameloblasts  and  often  two  distinct  layers  of  nuclei 
were  seen;  or  else  the  whole  enamel  organ  might  suddenly  become  thinner  and  ^ 

disappear  in  a  distance  of  10  to  15  ameloblasts  (Fig.  2). 

Whether  the  change  was  sudden  or  gradual,  the  end  result  was  the  same, 
the  site  of  the  enamel  organ  being  occupied  by  fibrous  tissue  (Fig.  3).  Quali¬ 
tatively  the  change  was  the  same  in  all  rats  irrespective  of  the  time  on  the  ex¬ 
periment,  or  cod-liver  oil  content  of  the  diet ;  however,  with  the  passage  of  time,  ; 

the  site  of  the  disappearance  of  the  enamel  organ  moved  more  toward  the  forma-  ? 

five  end.  Thus,  after  20  days  it  was  near  the  junction  of  the  formative  two- 
thirds  and  the  incisal  one-third,  while  after  60  days  it  was  at  the  junction  of  1 

the  formative  one-third  and  the  incisal  two-thirds.  In  no  cases,  however,  did 
it  occur  on  the  formative  side  of  the  granular  ameloblasts  (those  containing 
translucent  pigment  granules).  It  was  either  in  front  of  the  most  incisal  of 
these,  and  sometimes  considerably  anterior,  or  else  the  degeneration  might  j 

occur  in  the  last  and  most  incisal  of  these  cells.  j 

In  a  few  animals  the  ameloblasts  reappeared  on  the  incisal  side  of  the  ? 

atrophied  enamel  organ  on  the  edge  of  the  fibrous  tissue,  often  accompanied  by 
epithelial  papillae.  Here  the  ameloblasts  and  epithelial  papillae  were  narrower  | 

than  normal  (Fig.  4).  Three  of  the  animals  showed  small  cysts  of  the  papillary  1 

layer  like  those  described  by  Pindborg”’  as  occurring  in  vitamin  E  deficiency.  | 

More  incisal  of  these,  the  papillary  layer  was  again  normal.  These  cysts  were 
not  common,  and  the  piling  up  of  ameloblasts  to  form  cysts,  also  des(*rilH*d  by  1 

Pindborg,  was  not  seen.  In  one  animal  the  ameloblast  layer  disappeared,  but  the  ‘ 

papillary  layer  persisted  almost  to  the  crest  of  the  alveolar  bone.  1 
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A  striking  feature  of  the  fibrous  tissue  which  replaced  the  enamel  organ 
was  the  number  of  large  macrophages  with  eccentric  nuclei  embedded  in  it  (Fig. 
3).  These  have  been  described  by  Irving'^  and  contained  refraetile  orange 
granules  with  histochemieal  properties  similar  to  those  of  the  granules  in  the 
granular  ameloblasts  and  to  those  of  the  yellow  pigment  on  the  enamel.  These 
cells  occurred  under  the  enamel  organ  where  it  was  very  degenerate  and  in  the 
fibrous  tissue  which  replaced  the  enamel  organ. 


Fiffs.  1-6. — All  are  photomicrographs  in  the  middle  third  of  the  enamel  organ  of  the 
upper  incisor  tooth. 

Fig.  1. — Rat  No.  2260,  on  Diet  1  for  40  days,  showing  gradual  atrophy  and  final  dis¬ 
appearance  of  all  layers,  which  are  replaced  by  fibrous  tissue.  (X130. ) 

None  of  the  histologic  changes  described  above  were  seen  in  the  animals 
receiving  a-toeopherol.  In  these  the  enamel  organ  was  entirely  normal.  With 
the  exception  of  one  20-day  rat,  the  upper  incisor  teeth  of  all  the  rats  on  the 
a-tocopherol-free  diet  were  white,  either  entirely,  or  else  the  pigment  was  found 
only  on  the  tip  of  the  tooth,  leaving  a  white  area  atljacent  to  the  gingival  mar¬ 
gin.  The  teeth  of  all  the  control  animals  were  of  the  normal  color.  The  dialuric 
acid  hemolj'sis  test  was  positive  in  all  the  rats  on  the  a-tocopherol-free  diet 
and  negative  in  all  dosed  with  a-tocopherol. 
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Diet  3  (Voniaininfi  Hake-Liver  Oil). — Many  sections  showed  ehang«‘s  iden¬ 
tical  with  those  in  i-ats  on  the  cod-liver  oil  diet.  A  considerahle  nnnd)er  how¬ 
ever  showed  differences  wliicli  are  listed  as  follows:  (J)  In  the  earliest  stajje 
of  the  lesion,  the  enamel  organ  changed  to  nndifferentiatetl  cells  mixed  with 
macrophages  for  a  short  distance  or  else  became  a  small  cyst  filled  with  macro¬ 
phages  and  cell  debris.  Normal  enamel  organ  occurred  again  on  the  incisal 
side.  This  change  was  seen  very  far  forward  in  the  enamel  organ  near  the 
crest  of  the  alveolar  bone.  (2)  Vacuolated  ameloblasts  were  sometimes  seen 
among  the  normal  ameloblasts  on  the  formative  side  of  the  atrophy.  The  last 


Fig.  2.  Fig.  3. 

Fig.  2. — Rat  No.  2154,  on  Diet  2  for  30  days,  showing  sudden  atrophy  of  all  layers  of 
the  enamel  organ.  (x260.) 

Fig.  3. — Rat  No.  2238,  on  Diet  1  for  GO  days,  showing  replacement  of  all  enamel  organ 
by  flbrous  tissue  containing  large  macrophages.  (x400. ) 


50  or  SO  ameloblasts  before  the  final  atrophy  often  stained  much  paler  with 
hematoxylin.  (3)  The  atrophied  enamel  organ  was  not  succeeded  at  once  by 
fibrous  tissue,  but  changed  into  a  mixture  of  necrotic  cells  and  macrophages. 
(4)  The  atrophy  was  more  extreme.  The  whole  enamel  organ  suddenly  col- 
lap.sed,  the  outer  enamel  ^'pithelium  became  condensed  and  the  ameloblasts 
disappeared,  leaving  a  cyst  containing  macrophages  and  coagulated  protein, 
lined  on  the  tooth  side  by  a  very  fine  line  of  flattened  cells  and  on  the  outer  side 


i 


934 


IRVING 


I.  D.  Res. 
Dwember.  1956 


by  compressed  outer  enamel  epithelium,  undifferentiated  cells,  or  Hbrous  tissue 
(Fig.  5).  Ghosts  or  debris  of  ameloblasts  were  sometimes  seen  inside  the  cyst 
(Fig.  6).  The  enamel  organ  might  recover  anterior  of  the  cy.st  and  then  dis¬ 
appear,  being  replaced  by  fibrous  tissue,  or  else  another  cyst  might  form.  The 
macrophages  in  the  cyst  phagocyted  the  eosinophil  granules  of  the  degenerated 
granular  ameloblasts  or  else  the  granules  lay  loose  between  the  degenerated  cells. 
(5)  In  several  sections  mitotic  figures  were  observed  in  the  fibrobla.sts  of  the 
tissue  lietween  the  enamel  organ  and  the  alveolar  bone.  These  mitoses  were 


Fig.  4. — Rat  No.  2!15G,  on  Diet  1  for  30  days,  showing  an  area  of  atrophy  of  the  enamel  organ 
with  normal  enamel  organ  on  either  side.  (Xl30. ) 

invariably  under  the  enamel  organ  lesions,  and  usually  at  the  formative  end 
of  them.  While  mito.ses  are  not  uncommon  in  fibroblasts  in  this  area,  there 
appeared  to  be  more  mitoses  in  these  abnormal  sections  than  usual. 

llLstologic  changes  were  seen  in  all  rats  on  the  diet  without  a-t(K‘opherol 
with  one  exception  (20  days)  from  15  days  on.  Many  teeth  were  white  at  30 
days  and  all  but  one  were  white  at  40  day.s.  No  protection  was  given  by 
a-tocopherol  at  the  dosage  used;  of  those  on  the  diet  and  receiving  the  vitamin, 


INFLUENCE  OF  FATTY  ACIDS  ON  MAXILLARY  INCISORS 


all  but  2  had  do)f('ncrativo  changos  in  tlu*  fnanu‘1  orjian  at  and  after  20  days, 
and  the  tooth  woro  •\vhito  by  4-0  days.  Tho  diainrio  arid  homolysis  tost  was  uni¬ 
formly  jKKsitivo  in  all  rats  on  tho  diet  without  «-tooophorol  and  noj?ativo  in  all 
rats  dosed  with  the  vitamin. 


Fig.  6.  Fig.  6. 

Fig.  5. — Rat  No.  2104,  on  Diet  2  for  20  days,  showing  the  sudden  collapse  and  dis¬ 
appearance  of  the  aineloblasts,  their  place  being  taken  by  a  cyst  cuntaininK  debris,  macro¬ 
phages.  etc.  The  outer  enamel  epithelium  is  compressed.  (X260. ) 

Fig.  6. — Rat  No.  2123,  on  Diet  2  fur  15  days.  Change  similar  to  that  in  Kig.  5,  but  many 
ameioblasts  have  persisted  in  a  degenerated  form.  (X220. ) 


DISCrS,SION 

The  results  show  that  tho  curative  action  of  a-tocophorol  is  mivornod  by 
the  type  of  oil  used  as  a  source  of  hiffhly  unsaturated  fatty  acids.  There  is  no 
doubt  that  the  changes  in  the  enamel  organ  and  tooth  color,  using  the  diet  with 
cod-liver  oil,  are  botli  due  to  a-tocopherol  deficiency  since  they  can  be  avert t'd 
by  the  administration  of  this  vitamin.  The  changes  are  identical  with  those 
originally  described  by  Irving*'  and  probably  the  same  as  th(»se  reported  by 
tiranados.  Mason,  and  Dam,^’**  though  these  writei’s  described  their  findings 
briefly  and  verbally  with  no  photomicrographs.  Pindborg*’’ has  describeil 
changes  in  the  enamel  organ  of  the  rat’s  incisor  tootli,  also  avertable  by  a-tiicoph- 
erol  dosage,  but  these  differed  in  certain  ways  from  those  noted  in  the  present 
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slu<ly.  Thus  llio  promaluro  atrophy  of  the  j)apillary  layer  which  he  enipliasized 
was  not  eonspieiious  in  tlie  i>r(*sent  results,  thoufrli  the  e])ithelial  pa]>illary  layer 
ol't<‘n  heeaine  reduced  in  width  before  the  anieloblasts;  the  e<leina  at  the  bas«‘  of 
the  anieloblasts  was  not  se<*n  at  all.  Small  cysts  were  seen  in  3  animals  in  the 
papillary  layer,  but  they  were  not  caused  by  the  piling  up  of  anieloblasts  as 
described  by  Pindborg.  lie  did  not  comment  on  the  fibrous  tissue  which  re¬ 
placed  the  enamel  organ  or  on  the  pre.senee  of  macrophages  w’hich  were  such  a 
marked  feature  of  the  present  experiments. 

The  differences  in  the  histologic  appearances  described  by  Pindborg  and  the 
present  writer  raise  some  interesting  points,  since,  in  both  cases,  the  changes 
were  avertable  by  o-tocopherol  dosage.  Furthermore,  in  the  present  experiments 
the  changes,  both  in  depigmentation  and  the  enamel  organ  degeneration,  \^ere 
seen  sooner  than  in  the  case  of  Pindborg ’s  rats.  These  differences  must  be 
ascribed  to  the  diets  used.  With  one  exception,  Pindborg’s  diets  were  low  in 
fats.  Although  Granados,'  Mason,  and  l)am,^’  *  have  stressed  the  importance 
of  fats  containing  highly  unsaturated  fatty  acids  in  the  diet  for  producing  white 
teeth  and  histologic  changes  in  the  enamel  organ,  other  writers  have  obtained 
white  teeth  and  changes  in  the  enamel  organ  using  diets  containing  very  little 
fat,  but  in  the  latter  cases  this  change  took  longer  to  occur.  Thus  it  appears 
that  the  lesions  caused  by  vitamin  E  deficiency  depend  on  the  diet  used  and 
are  probably  related  to  the  speed  of  onset,  which  is  greater  with  high-fat  diets. 
The  changes  described  by  the  present  writer  were  acute  changes  and  those  by 
Pindborg  were  of  a  more  chronic  nature.  These  ehronic  changes  presumably 
ultimately  resemble  the  acute  ones,  for  most  of  the  enamel  organ  was  replaced  by 
fibrous  ti.s.sue  in  rats  for  167  days  on  a  diet  deficient  in  vitamin  E  and  contain¬ 
ing  4.5  per  cent  fat  and  le.ss  than  1  per  cent  of  cod-liver  oil  (Ir\dng”). 

Since  the  changes  produced  by  the  hake-liver  oil  diet  were  not  prevented  by 
a-tocopherol,  it  might  be  argued  that  these  conditions  were  due  to  the  toxic 
action  of  .some  constituent  in  the  hake  oil  and  had  no  relation  to  vitamin  E 
deficiency.  The  fact  that  the  lesions,  both  in  their  site  in  the  enamel  organ  and 
in  their  appearance,  resembled  in  many  cases  those  prevented  by  a-tocopherol 
in  rats  on  the  cod-liver  oil  diet  makes  it  .seem  more  probable  that  hake  oil,  or 
some  constituent  of  it,  caused  a  conditioned  a-tocopherol  deficiency  of  much 
greater  severity  than  that  .seen  with  cod-liver  oil.  This  would  explain  the 
severity  of  the  lesions  and  possibly  the  inability  of  a-tocopherol  in  the  dosage 
used  to  prevent  the  condition.  The  fact  that  the  dialuric  acid  hemolysis  test 
was  negative  in  the  animals  receiving  a-tocopherol  shows  that  this  antagonistic 
action  of  hake-liver  oil  to  a-tocoi)herol  with  respect  to  the  teeth  was  not  universal 
throughout  the  whole  economy  of  the  body.  Irving  and  Budtz-OLsen’^  have 
suggested  that  this  action  of  hake-liver  oil  might  be  due  to  its  high  content  of 
vitamin  A.  Irving  and  Budtz-Olsen'^  found  that  extra  protein  added  to  Diet 
1  protected  the  enamel  organ  but  depigmentation  of  the  enamel  still  occurred, 
the  dialuric  acid  hemolysis  test  being  i)ositive,  and  concluded  that  a-tocopherol 
must  protect  the  color  of  the  teeth  both  by  acting  in  a  biochemical  way  and  also 
by  maintaining  the  structure  of  the  enamel  organ.  Furthermore,  degeneration 
of  the  enamel  organ  and  depigmentation  of  the  tooth  do  not  always  coincide 
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(Irving, Pindborg^"),  degeneration  occurring ‘but  the  tooth  still  possessing  a 
normal  color.  Irving*^  brought  forward  evidence  that,  under  his  experimental 
conditions,  when  enamel  organ  degeneration  occurred,  depigmentation  was  due 
to  the  removal  of  pigment  by  macrophages.  It  appears  that  the  process  may  be 
rather  more  complicated  under  other  experimental  conditions  than  this  simple 
explanation  would  allow’. 

Weinmann*^  has  divided  the  enamel  organ  of  the  rat’s  incisor  into  6  sec¬ 
tors,  w’hich  form  a  convenient  way  of  localizing  the  various  events  in  amelogene- 
sis.  From  the  point  of  view  of  the  present  argument  the  important  sectors  are 
IV,  w’here  the  ameloblasts  become  tall  and  lay  down  enamel  matrix,  and  sectors 
V  and  VI.  Sector  V  is  concerned  w’ith  enamel- calcification  and  VI  contains  the 
granular  ameloblasts  w’hich  lay  the  pigment  on  the  enamel  surface. 

Different  parts  of  the  enamel  organ  are  damaged  by  various  experimental 
procedures,  with  corresponding  effects  upon  the  erupted  tooth.  Fluorine  appears 
to  affect  all  of  these  3  sectors  since  the  tooth  after  eruption  may  be  hypoplastic, 
poorly  calcified,  and  depigmented  (Schour  and  Smith'®).  Butcher®  has  shown 
that  F  interferes  with  pigment  formation  by  the  granular  ameloblasts  in  sector 
VI. 

•  Most  other  experimental  procedures  affect  one  part  of  the  enamel  organ 
only!  Thus,  lack  of  fat-soluble  vitamins  (Mellanby'®!,  rickets  (Becks  and 
Ryder'),  magnesium  deficiency  (Irving'®),  strontium  injections  (Weinmann®'), 
inoculation  of  tubercle  bacilli  (Kreshover'®),  vitamin  C  deficiency  (Wasser- 
mann®®),  administration  of  thiouracil  (English^)  and  the  reimposition  of  rickets 
after  healing  (Irving'®)  all  affect  the  tall  ameloblasts  of  sector  IV,  causing 
hypoplasia  and  often  hypocalcification.  Chase,®  by  dietary  and  traumatic  means, 
damaged  the  ameloblasts  of  sector  IV  and  produced  hypoplasia  and  hypocalci¬ 
fication. 

All  these  procedures  affect  the  ameloblasts  at  the  formative  and  calcifying 
stage  of  amelogenesis.  In  the  present  experiments  these  ameloblasts  were  quite 
unaffected  and  the  teeth  did  not  show  hypoplasia  or  malealcification.  The  ame¬ 
loblasts  in  sector  VI,  and  usually  well  forward  in  this  area,  were  the  ones  affected 
here.  It  must  be  concluded  that  different  parts  of  the  enamel  organ  vary  in 
their  sensitivities  to  lack  of  various  nutrients  or  to  the  toxic  action  of  various 
agents,  one  part  being  affected  and  another  quite  unharmed.  The  anterior  part 
of  the  enamel  organ  is  sensitive  to  a-tocopherol  deficiency  and,  if  depigmenta¬ 
tion  can  be  taken  as  a  criterion,  to  vitamin  A  deficiency  as  well.  The  enamel 
organ  of  the  continuously  erupting  tooth  is  not  a  single  tissue,  biochemically 
speaking  but,  with  its  changing  chemical  activities,  likewise  changes  in  its  sensi-  ] 

tivities  and  requirements  from  area  to  area. 

Sl'MM.VKY 

1.  Young  rats  w»‘re  put  on  vitamin  E-free  diets  containing  either  coil-liver 

oil  or  hake-liver  oil,  and  were  sacrifieed  at  intervals.  The  enamel  organs  of  the  j 

upper  incisor  teeth  were  examined  hi.stologieally  and  the  color  of  the  teeth  noted. 

2.  Using  a  diet  containing  cod-liver  oil,  histologic  changes  like  those  de-  1 

scribed  by  Irving"  were  obtained  and  the  teeth  became  white,  both  changes 
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being  averted  by  a-tocopherol  dosage.  The  changes  differed  in  some  respects 
from  those  described  by  Pindborg*^’  and  it  is  suggested  that  the  animals  in 
his  experiments  were  suffering  from  a  more  chronic  form  of  vitamin  E  deficiency. 

3.  The  histologic  changes  using  hake-liver  oil  were  considerably  more  ex¬ 
treme  than  those  caused  by  the  cod-liver  oil  diet,  and  neither  the  microscopic 
changes  nor  the  whitening  of  the  teeth  was  prevented  by  a-tocopherol  dosage. 

4.  With  both  types  of  diet,  the  affected  ameloblasts  were  on  the  incisal  side 
of  the  granular  ameloblasts,  the  enamel  organ  on  the  formative  side  of  these 
cells  being  unchanged.  This  contrasts  with  the  findings  in  other  deficiencies, 
when  other  parts  of  the  enamel  organ  are  affected. 

5.  It  is  concluded  that  the  enamel  organ  of  continuously  erupting  teeth 
varies  from  part  to  part  in  its  sensitivities  to  toxic  substances  and  requirements 
of  e.ssential  nutrients,  the.se  variations  corresponding  with  the  differing  physio¬ 
logic  functions  of  the  parts  concerned. 

The  writer  is  indebted  to  Dr.  O.  E.  Budtz-Olsen  for  carrying  out  the  dialuric  acid 
hemolysis  tests. 
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EFFECT  OF  SODIUM  FLUORIDE  ON  ORAL  LACTOBACILLI 
ISOLATED  FROM  THE  RAT 
•  T.  SHIOTA* 

National  InstitMe  of  Dental  Kesearch,  National  Institutes  of  Health,  Bethesda  14,  Md. 

The  inhibition  exerted  by  sodium  fluoride  on  the  growth  and  acid  produc¬ 
tion  of  Streptococci,  Lactobacilli,  and  other  oral  microorganisms  was  ob¬ 
served  by  Bibby  and  van  Kesteren.^  They  found  a  reduction  of  approximately 
50  per  cent  in  acid  production  by  Streptococci  and  Lactobacilli  in  media  con¬ 
taining  100  p.p.m.  NaF.  A  greater  concentration  was  required,  however,  to 
achieve  a  bactericidal  effect.  Fitzgerald  and  Jordan*  found  that  sodium 
fluoride  and  sodium  fluorosilicate  inhibited  the  growth  of  various  Lactobacilli, 
as  determined  by  the  broth  dilution  method.  The  influence  of  fluoride  on  the 
growth  and  viability  of  staphylococci  and  yeast  was  demonstrated  by  Roberts 
and  Rahn®  to  depend  on  the  pH  of  the  medium.  Fluoride  was  most  efficient 
in  acid  media.  This  was  attributed  to  the  existence  of  fluoride  as  hydrofluoric 
acid  since  the  dissociation  constant  of  HF  is  7.2  x  10  ®. 

This  report  deals  with  in  vitro  changes  in  the  rate  and  extent  of  growth, 
as  well  as  the  bactericidal  effects  of  sodium  fluoride  on  various  strains  of  oral 
Lactobacilli  isolated  from  rats. 

MATERIALS  AND  METHODS 

All  of  the  strains  of  Lactobacilli  were  obtained  from  Jordan  and  Fitz¬ 
gerald.®  The  collection  consisted  of  20  homofermentative  Lactobacilli  and  20 
heterofermentative  strains.  The  homofermentative  strains  were:  ppl,  pp3, 
pp6,  pp7,  pp8,  pp9,  6,  12,  16a,  21,  25,  33,  37,  39,  47,  49,  52,  57,  59,  and  84  AT 
of  which  strains  84  AT,  16a,  and  possibly  pp7  were  LactohacUlus  acidophilus  or 
variants  thereof;  the  remaining  strains  are  types  which  have  not  been  previ¬ 
ously  described  in  the  literature.  The  heterofermentative  strains  were  vari¬ 
ants  of  Lcu^tohacillus  fermenti.  These  were  strains  1,  2,  3,  7,  8,  9,  14,  16,  17, 
18,  19,  20,  22,  23,  26,  30,  32,  37,  35A,  and  38. 

Stock  cultures  were  maintained  as  stabs  in  Rogosa’s  SL  Medium  as  modi¬ 
fied  by  Fitzgerald  and  Jordan.*  The  medium  was  adjusted  to  pH  6.5  and  dis¬ 
pensed  into  tubes  containing  approximately  0.1  Gm.  CaCOs.  The  tubes  were 
then  autoclaved  for  10  minutes  at  15  pounds.  After  incubation  for  2  days  at 
37°  C.,  the  stock  cultures  were  held  at  5°  C.  and  transferred  about  once  a 
month. 

Effects  of  Sodium  Fluoride  on  Rates  and  Amount  of  Growth. — The  test 
medium  used  for  the  study  of  the  rates  and  amount  of  growth  was  the  tomato 
juice  broth  (T.J.)  described  by  Rogosa  and  Mitchell.*  The  double  strength 

Presented  in  part  at  the  33rd  Ueneral  Meeting  of  the  International  Association  for  Dental 
Kesearch,  Chicago,  III.,  March  18-20,  1965.  (J.  D.  Res.  34:  728,  1965.) 

Received  for  publication  July  6,  1955. 

*Kesearoh  Associate  of  The  American  Dental  Association. 
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niodiuin  was  adjusted  to  pll  G.8  unless  otherwise  stated.  Solutions  of  sodium 
lluoridc  of  varying  eoneentrations,  adjusted  to  the  pH  of  the  j)artieular  lot 
of  medium  being  pn'pared,  were  added,  and  the  medium  was  mad<^  uj)  1o  Mnal 
.strength  with  distilled  water,  then  uutoelaved  for  5  minutes  at  15  pounds. 
The  pll  values  recorded  were  taken  after  sterilization.  No  effort  was  made  to 
maintain  the  pH  after  inoculation. 

The  experimental  inocula  were  prepared  by  inoculating  a  T.J.  broth  tube 
from  the  stab  and  transferring  twice  in  the  exponential  phase  of  growth.  One 
drop  of  an  18-hour  culture  containing  approximately  5  x  10^  cells  were  used  to 
inoculate  each  tube. 

The  extent  of  growth  at  varying  fluoride  concentrations  after  varying 
periods  of  incubation  was  measured  as  optical  density  at  660  m/i  with  the 
Beckman  Model  B  Spectrophotometer,  using  matched  18  x  150  mm.  Pyrex  test 
tubes.  The  growth  response  of  the  organisms  to  varying  fluoride  concentra¬ 
tions  was  plotted  as  the  logarithm  of  relative  optical  density  (Figs.  1  and  3), 
which  is  defined  as  the  logarithm  of  the  ratio  of  the  optical  density  obtained 
at  any  sodium  fluoride  concentration  to  that  obtained  with  zero  fluoride,  times 
100  (log  OD/ODo  X  100),  after  48  hours’  incubation. 

Experiments  on  Bactericidal  Activity  of  Sodium  Fluoride. — In  order  to 
determine  the  bactericidal  effects  of  sodium  fluoride  on  the  viability  of  cells 
2  methods  were  used.  In  the  first,  the  test  was  conducted  at  a  given  initial 
pH  and  the  plate  count  method  was  used  to  enumerate  surviving  cells.  In 
those  experiments  in  which  tests  were  conducted  at  several  pH  levels,  the  broth 
inoculation  procedure  was  employed.  In  either  ease  the  cell  suspensions  were 
prepared  by  taking  10  ml.  of  a  20-hour-old  culture,  centrifuging,  washing  once 
in  sterile  distilled  water,  and  standardizing  by  dilution  with  sterile  water  to 
an  optical  density  of  .04.  For  the  plate  count  method  this  cell  suspension  was 
further  diluted  1/10  and  1.0  ml.  was  added  to  a  sterile  tube  containing  1  ml. 
veronal-acetate  buffer,  pH  6.9  (Michalis^),  sodium  fluoride  at  appropriate  con¬ 
centrations  (0  to  1,000  p.p.m.  NaF)  and  water  to  make  a  final  volume  of  10  ml. 
Each  mixture  was  incubated  at  37°  C.  A  1.0  ml.  portion  from  each  tube  was 
removed  at  successive  20-minute  intervals  over  a  2-hour  period;  each  sample 
was  then  plated  at  appropriate  dilutions  on  10  replicate  SL  agar  plates.  These 
plates  were  incubated  at  37°  C.  for  72  hours  and  the  colonies  counted.  The 
data  reported  here  are  derived  from  the  mean  counts  of  10  replicate  plates. 

The  procedure  followed  for  the  second  method,  in  which  the  effects  of 
sodium  fluoride  at  several  pH  levels  were  te.sted,  was  as  follows:  1.0  ml.  of 
the  once-washed  cell  suspension  was  added  to  a  sterile  tube  containing  1.0  ml. 
of  citrate-phosphate  buffer  (Macllvaine®)  of  appropriate  pH,  NaF  solutions 
of  appropriate  concentration  and  pH,  and  water  to  make  a  final  volume  of 
10  ml.  The  mixture  was  incubated  at  .room  temperature.  One-tenth  ml.  .samples 
were  then  removed  from  each  tube  every  half  hour  for  3  hours  and  inoculated  di¬ 
rectly  into  a  tube  containing  10  ml.  T.J.  broth.  The  latter  tubes  were  then 
incubated  at  37°  C.  for  48  hours,  and  any  evidence  of  growth  recorded. 
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RESULTS 

Twenty  strains  each  of  homoferment ative  and  heterofermentative  oral 
Lactobacilli  isolated  from  rats  were  tested  for  growth  in  the  presence  of  vary¬ 
ing  sodium  fluoride  concentrations.  Typical  fluoride  inhibition  curves  are 
shown  in  Fig.  1.  Eight  homofermentative  strains  (ppl,  pp7,  pp9,  Ifia,  25,  49, 
and  37)  behaved  like  84  AT  and  12  (pp6,  pp8,  6,  12,  21,  33,  29,  47,  52,  57,  ar.d 
59)  like  pp3.  All  of  the  heterofermentative  strains  behaved  similarly  to  culture 
20.  With  all  of  the  strains  studied,  the  amount  of  growth  was  invei-sely  pro¬ 
portional  to  fluoride  concentration. 


The  effect  on  the  rate  of  growth  depended  upon  the  strain  employed.  The 
growth  rate  of  strain  84  AT,  a  homofermentative  Lat tobacillus  (Fig.  2),  was 
reduced  by  50,  100,  200,  and  300  p.p.m.  NaF.  At  sodium  fluoride  concentrations 
of  400  or  500  p.p.m.  there  was  an  apparent  lag,  after  which  the  rate  of  growth 
was  commensurate  to  that  of  300  p.p.m.  In  contrast,  the  growth  rates  of 
strain  pp3,  a  second  homofermentative  organism,  and  strain  20,  a  heterofer¬ 
mentative  organism,  were  decreas<‘d  only  slightly  by  as  much  as  500  p.p.m. 
sodium  fluoride.  In  some  strains,  at  concentrations  of  300  to  500  p.p.m.  sodium 
fluoride,  lysis  of  cells  ai)parently  occurred  after  9  to  24  horn's,  dei)ending  on 
the  strain,  as  there  was  a  decrease  in  the  optical  density. 

Strains  84  AT,  i)p3,  iind  20  were  further  studied  to  d(‘termin«‘  the  elTi'ct  of 
the  initial  pll  of  tin*  mediinii  on  their  sensitivity  to  Huoride.  It  was  found  that 
for  strain  84  AT,  Huoride  is  more  efl\‘etiv«‘  at  lower  pll  levels,  as  shown  in 
Fig.  3.  The  K  values  for  the  slopes  of  the  curves  of  84  AT  calculated  by  the 
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least  squares  method  aceording  to  Snedeeor®  indicate  the  effectiveness  of  the 
growth  inhibition  by  sodium  fluoride  under  a  given  condition.  The  plot  of 
the  K  values  against  the  pH  values  is  shown  in  Fig,  4.  It  can  be  seen  that 
good  growth  occurred  over  the  pH  ranges  indicated.  On  the  assumption  that 
this  inhibition  is  due  to  the  fluoride  ions,  the  K  values  were  used  to  calculate 
the  concentration  of  fluoride  (F)  necessary  to  give  50  per  cent  inhibition  for 
the  various  pH  values  w'hich  are  shown  in  Table  I.  Results  obtained  from 
cultures  pp3  and  20  are  also  tabulated.  The  shapes  of  the  inhibition  curves 
for  strain  pp3  and  20  over  the  pH  range  of  about  8.0  to  5.0  were  .similar  to 
those  shown  in  Fig.  1.  However  at  a  pH  of  4.3  to  4.4,  the  curves  of  both  pp3 
and  20  were  similar  to  84  AT. 

Table  I 

Concentration  of  Sodium  Fluoride  Necessary  to  Give  a  50  Per  Cent  Inhibition 


84  at 

pp3 

20 

pH 

-K 

1  p.p.m.  F.* 

pH 

1  p.p.m.  F.** 

pH 

1  p.p.m.  F** 

4.3 

.0575 

5.4 

4.4 

33 

4.3 

14 

5.2 

.0289 

11.2 

5.0 

81 

5.6 

27 

6.1 

.0078 

39.8 

5.7 

81 

5.9 

36 

6.4 

.0070 

44.3 

6.0 

81 

6.7 

41 

7.2 

.0066 

46.8 

6.3 

81 

7.3 

45 

8.0 

.0053 

58.5 

7.0 

95 

7.8 

68 

•F«  %  =  (.45)  ¥j 

=  p.p.tn.  fluoride  (F)  to  Rive  50  per  cent  inhibition  of  growth. 
••Estimated  from  graphs. 


The  levels  of  sodium  fluoride  necessary  to  achieve  a  bactericidal  effect  on 
.strain  84  AT  are  shown  in  Fig.  5.  Nearly  2  hours  were  required  to  achieve  a 
99.9  per  cent  kill  with  bacterial  suspensions  of  this  strain  exposed  to  600  p.p.m. 
NaF  at  pH  6.9.  Experiments  w'ere  then  performed  with  this  strain  to  test  the 
influence  of  pH  values  on  the  bactericidal  effect  of  sodium  fluoride.  Results 
are  shown  in  Table  II.  It  can  be  seen  that  in  the  range  of  pH  4.0  to  6.0,  the 
exposure  of  cells  to  200  p.p.m.  NaF  for  2  hours  was  sufficient  to  prevent  the 
growth  of  organisms  in  subcultures  from  aliquots  tested;  whereas  at  pH  7.0 
or  above,  growth  occurred  from  subcultures  exposi'd  to  1,000  p.p.m.  NaF  for 
3  hours.  In  some  experiments  at  pH  4.0,  after  3  hours  with  no  sodium  fluoride 
added,  subcultures  failed  to  grow. 


DISCU.SSIOX 

The  various  effects  of  fluoride  on  the  growth  of  homofermentative  and 
heterofermentative  Lactobacilli  are  indicative  of  the  distinct  biochemical  com¬ 
position  of  these  2  groups.  Moreover,  within  the  homofermentative  Lactobacillus 
group,  there  might  be  further  distinctions  reflected  by  their  sensitivity  toward 
fluoride,  as  seen  in  Fig.  1.  At  the  lower  fluoiide  levels,  the  type  represented  by 
pp3  is  more  resistant  towai-d  fluoride  than  that  of  84  AT.  However,  at  higher 
levels,  the  rate  of  inhibition  jiarallels  that  of  strain  84  AT. 

The  similar  rate  of  growth  of  strain  84  AT  at  5(M)  p.ii.m.  sodium  fluoride  as 
compared  to  3(M)  p.p.m.  is  difficult  to  exi>lain  in  view  of  the  decrease  in  the 
total  growth.  The  apparent  lag  jieriod,  which  occurred  at  the  higher  .sodium 
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fluoride  concentrations,  may  not  be  a  true  lag  since  the  initial  number  of  cells 
introduced  as  inoculum  may  have  been  reduced  by  the  liactericidal  action  of 
so<liuni  lluoride.  This  ])ossiblc  reduction  was  not  teste<l  in  the  growtJi  experi¬ 
ments. 

The  results  of  l)oth  the  growth  experiments  and  the  bactericidal  experiments 
are  in  agreement  in  indicating  that  the  antibacterial  activity  of  sodium  fluoride 
for  the  oral  Lactobacilli  isolated  from  the  rat  is  dependent  on  pH.  The  in¬ 
hibitory  effects  of  sodium  fluoride  are  most  pronounced  at  the  lower  pH  levels 
presumably  due  to  the  higher  concentrations  of  the  undissociated  HF  in  this 
range. 


Table  II 

The  Influence  of  pH  on  the  Bactericidal  Effect  of  Sodium  Fluoride  on  Cell  Suspen¬ 
sions  OF  Strain  84  AT 


pH 

NaF 

p.p.m. 

EXPOSURE  time 

0 

1 

IVj 

2 

3 

0 

+ 

+ 

+ 

-t- 

+ 

- 

20 

+ 

+ 

+ 

+ 

+ 

+ 

- 

4 

200 

+ 

-1- 

+ 

- 

- 

- 

- 

600 

+ 

+ 

+ 

+ 

— 

_ 

— 

- 

1000 

+ 

+ 

+ 

+ 

- 

- 

- 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

20 

+ 

+ 

+ 

+ 

— 

+ 

-»■ 

6 

200 

+ 

+ 

+ 

- 

_ 

- 

600 

+ 

+ 

+ 

- 

- 

_ 

1000 

+ 

+ 

+ 

+ 

- 

- 

- 

0 

+ 

+ 

+ 

+ 

+ 

+ 

20 

+ 

+ 

+ 

+ 

- 

— 

— 

6.5 

200 

+ 

+ 

- 

-► 

- 

_ 

600 

+ 

+ 

+ 

+ 

- 

- 

« 

1000 

+ 

+ 

+ 

+ 

-I- 

- 

- 

0 

+ 

+ 

+ 

+ 

+ 

+ 

20 

+ 

+ 

+ 

+ 

+ 

+ 

7 

200 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

600 

+ 

+ 

+ 

+ 

+ 

+ 

1000 

4* 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

+ 

20 

+ 

+ 

-(■ 

+ 

+ 

+ 

+ 

8.2 

200 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

600 

+ 

+ 

-I- 

+ 

+ 

+ 

+ 

1000 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

SUMMARY 

When  varying  concentrations  of  sodium  fluoride  were  used  to  inhibit  the 
growth  of  20  strains  each  of  homofermentative  and  heterofermentative  oral 
liaetobacilli  i.solated  from  rats,  3  groups  were  distinguishable,  as  shown  by  the 
characteristic  shapes  of  their  growth  inhibition  curves.  The  homofermenta¬ 
tive  Lactobacilli  were  divided  into  2  groups:  in  one,  typified  by  strain  84  AT, 
a  monomolecular  reaction  was  observed  and  in  a  second,  illustrated  by  strain 
pp3,  a  resistanee  to  sodium  fluoride  through  50  p.p.m.'  was  noted.  The  third 
group,  represented  by  strain  20,  was  composed  of  heterofermentative  Lacto¬ 
bacilli.  The  growth  rate  of  strain  84  AT  was  reduced  by  50,  100,  200,  and  300 
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l).l),ni.  NaF.  At  concentrations  of  400  or  500  p.p.ni.,  there*  was  an  apparent 
laff  after  which  the  rate  of  fjrowth  was  approximately  the  same  as  that  at 
oOO  p.p.m.  With  strains  pp3  and  20,  rates  of  growth  were  decreased  oidy 
slightly  through  500  p.p.m.  NaF.  The  effect  of  pH  on  the  inhibition  of  growth 
by  sodium  fluoride  indicated  that  as  the  pH  of  the  growth  medium  was  lowered 
from  pH  8  through  4,  the  inhibitory  action  of  sodium  fluoride  against  strains 
84  AT,  pp3,  and  20  was  increased.  In  bactericidal  experiments  99.9  per  cent 
of  cells  of  strain  84  AT  were  killed  when  they  were  exposed  to  600  p.p.m.  NaF 
for  2  hours  at  pH  6.9.  The  bactericidal  effect  of  sodium  fluoride  was  increased 
as  the  pH  of  the  testing  mixture  was  decreased  from  pH  8  to  4. 
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ETHYLENEDIAMINE  VS.  KOH-GLYCOL  IN  THE  REMOVAL  OF  THE 
ORGANIC  MATTER  OF  DENTIN 

S.  C.  PECKHAM,  B.S.,*  F.  L.  LOSEE,  D.D.S.,  M.S.,  AND  I.  ETTLEMAN 

Biochemistry  Branch,  United  States  Naval  Dental  School,  Bethesda,  Md.,  and  Dental  Division, 
Naval  Medical  Kesearch  Institute,  Bethesda,  Md. 

Existing  methods  for  isolation  of  the  inorganic  fraction  of  teeth  involve 
either  thermal  ashing  at  temperatures  in  excess  of  500°  C.  or  wet  ash¬ 
ing^  at  temperatures  in  excess  of  200°  C,  Recently,  however,  Williams  and 
Irvine*  have  described  a  method  for  the  preparation  of  inorganic  matrix 
of  bone  by  the  use  of  ethylenediamine  as  solvent  for  the  organic  components. 
These  authors  extracted  the  bone  with  a  constant  boiling  aqueous  solution  of 
the  diamine  in  a  Soxhlet  apparatus.  A  major  feature  of  this  extraction  is 
the  relatively  low  temperature  at  which  it  is  carried  out  (118°  C.).  Bone 
prepared  in  this  manner  was  examined  by  x-ray  diffraction  pattern  and  it 
gave,  qualitatively,  the  same  spacing  as  bone  prepared  by  other  methods. 
Williams  and  Irvine,  on  examination  of  the  ground-extracted  bone  by  electron 
microscope,  could  find  no  trace  of  collagen,  which  confirmed  a  Kjeldahl  nitrogen 
analysis  of  less  than  0.1  per  cent. 

*  The  present  investigation  was  undertaken  in  order  to  compare  the  ex¬ 
traction  properties  of  alkaline  ethylene  glycol  with  those  of  ethylenediamine  on 
human  dentin. 

EXPERIMENTAL. 

Sample  Preparation. — One  master  dentin  sample  weighing  approximately 
10  grams  was  chosen  for  this  study.  The  dentin  was  obtained  from  third 
molars  of  young  adult  males  (17  to  21  years  of  age)  and  was  crushed  to  pass 
a  60  mesh  sieve  screen  and  desiccated  to  constant  weight  over  calcuim  chloride 
at  room  temperature. 

Ethylenediamine  Extradition. — Five  different  portions  of  the  dentin,  each 
weighing  approximately  0.5  Gm.,  were  extracted  with  ethylenediamine  according 
to  the  procedure  described  by  Williams  and  Irvine.*  During  extraction  each 
portion  was  contained  in  a  Fisher  Pyrex  coarse-fritted  extraction  thimble. 
Twenty  to  thirty  cycles,  requiring  from  4  to  5  hours,  were  allowed  for  each 
extraction.  The  Soxhlet  flask  contained  100  ml.  of  aqueous  80  per  cent 
ethylenediamine  solution  and  this  was  not  changed  from  one  extraction  to 
the  next.  The  temperature  within  the  Pyrex  thimbles  during  extraction  was 
93°  C.  The  residues  were  washed  by  3  to  5  cycles  of  water  contained  in  a  second 
Soxhlet  apparatus.  After  dessication  to  constant  weight  over  calcium  chloride 
the  residues  were  analyzed  for  calcium,  phosphorus,  and  nitrogen  content. 

KOH-Glycol  Extradition. — Another  5  portions  of  the  master  dentin  sample 
were  extracted  separately  with  30  ml.  of  a  3  per  cent  solution  of  potassium 

Read  before  the  Thirty-third  Annual  Meeting  of  the  International  Association  for  Dental 
Research,  Chicago,  Ill.,  March,  1955  (J.  D.  Rea.  34:  719,  1965). 

The  opinions  on  assertions  contained  herein  are  the  private'  ones  of  the  writers  and  are 
not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  Department  or  the  naval 
service  at  large. 
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hydroxide  in  ethylene  glycol,  using  the  procedure  as  described  by  Crowell, 
Hodge,  and  Line.^  Each  extraction  required  a  period  of  1^  hours  during 
which  time  the  glycol  solution  was  allowed  to  boil  gently  (200  to  205°  C.)- 
Residues  were  washed  in  boiling  water  for  30  minutes  and  the  washing  process 
repeated  until  the  residues  were  free  of  potassium  hydroxide  (phenolphthalein) . 
All  decantations  were  made  through  the  same  Fisher  extraction  thimbles  used 
for  the  ethylenediamine  extractions,  and  the  thimbles  were  suspended  in  the 
boiling  water  during  the  washing  process.  After  washing,  residues  were  trans¬ 
ferred  as  quantitatively  as  our  technic  would  allow  into  the  thimbles.  Residues 
were  then  desiccated  to  constant  weight  over  calcium  chloride,  and  phosphorus, 
calcium,  and  nitrogen  determinations  made. 

Analytic  Methods. — Calcium  determinations  were  made  according  to  the 
procedure  described  by  Sobel  and  Sklersky^  with  modifications  suggested  by 
Sobel,  Rockenmacher,  and  Kramer.* 

Phosphorus  determinations  were  carried  out  using  the  method  of  Fiske  and 
Subbarow.®  Determination  of  nitrogen  was  made  by  the  microKjeldahl  method 
as  described  by  Ma  and  Zuazaga.® 

RESULTS  AND  DISCUSSION 

Calcium,  Phosphorus,  and  Nitrogen  Contents  of  the  Various  Residues 
(Table  I). — Results  of  calcium,  phosphorus,  and  nitrogen  determinations  of 
the  residues,  as  well  as  percentage  recoveries,  are  given  in  Table  I.  Mean 
values  and  standard  deviations  are  shown  for  the  residues  of  the  5  diamine 
and  5  glycol  extractions. 

These  results  indicate  high,  consistent  recoveries  of  residues  from  ethyl¬ 
enediamine  extractions.  The  loss  of  22  per  cent  of  matter  during  the  extraction 
correlates  with  the  findings  of  Losee,  Leopold,  and  Hess'^  in  their  work  on 
dentinal  protein.  It  may  be  noted  that  the  residues  from  the  diamine  ex¬ 
tractions  are  higher  than  those  obtained  by  thermal  ashing.  Hess*  has  noted 
that  the  difference  could  possibly  be  due  to  carbonate,  since  the  carbonate 
content  of  dentin  is  of  approximately  this  magnitude. 

The  percentage  of  dentin  which  could  be  recovered  as  residue  from  glycol 
extractions  was  lower  than  those  from  diamine  extractions  and  highly  un¬ 
predictable,  as  is  shown  by  the  range  of  variation. 

The  calcium  contents  of  the  various  residues  are  in  close  agreement. 

Results  indicate  a  higher  phosphorus  content  of  residues  from  glycol 
extractions. 


Table  I.  CALauM,  Phosphorus,  and  Nitrogen  Contents  of  the  Various  Residues 


WHOLE 

DENTIN 

ASH 

OP 

DENTIN* 

RESIDUE  1 

AFTER 

ETHYLENEDIAMINE 
EXTRACTION  t 

RESIDUE 

AFTER 

GLYCOL 

1  extraction! 

Recovery  (%) 

73.8 

78.0  ±  0.78 

56.4  ±  7.95 

Calcium  (%) 

27.0 

34.6 

33.5  ±  0.36 

33.5  ±  0.66 

Phosphorus  (%) 

13.0 

17.3 

16.8  ±  0.50 

17.9  ±  0.58 

Nitrogen  (%) 

3.3 

0.07 

0.17  ±  0.06 

0.02  ±  0.02 

•550*  C.  per  3  hrs. 
tMeans  of  5  determinations. 


*  Personal  communication. 
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Nitrogen  contents  for  the  residues  of  diamine  extractions  are  somewhat 
greater  than  those  of  residues  from  glycol  treatment,  but  are  still  within  the 
0,1  per  cent  range  reported  by  Williams  and  Irvine  in  their  work  with  bone. 
Furthermore,  it  is  not  known  at  this  time  whether  this  nitrogen  is  representative 
of  organic  matter  retained  or  whether  it  is  the  result  of  occluded  or  adsorbed 
ethylenediamine. 

Percentages  of  Initial  Calcium,  Phosphorus,  and  Nitrogen  Content  Re¬ 
covered  in  the  Residues  (Table  II). — ^Values  given  in  Table  II  represent  the 
initial  calcium,  phosphorus,  and  nitrogen  contents  of  the  dentin  which  were 
retained  in  the  residues  after  the  extraction  procedures  had  been  carried  out. 

Residues  of  the  diamine  extractions  compare  favorably  with  residues  from 
the  thermal  ashing  of  dentin  in  every  respect  studied  except  for  nitrogen.  As 
stated  above,  this  retention  of  nitrogen  may,  or  may  not  be  due  to  the  adsorption 
or  occlusion  of  ethylenediamine  by  the  residues. 


Table  II.  Percentages  of  Initial  Calcium,  Phosphorus,  and  Nitrogen  Content  Recovered 

IN  THE  Residues* 


ASH 

OF 

DENTIN 

RESIDUE 

AFTER 

ETHYLENEDIAMINE 

1  EXTRACTION 

RESIDUE 

AFTER 

GLYCOL 

EXTRACTION 

Calcium 

95 

97 

70 

Phosphorus 

98 

100 

78 

Nitrogen 

1.6 

4 

0.3 

•Based  on  mean  values  shown  in  Table  I. 


The  low  recoveries  from  the  glycol  extractions  are  reflected  here  in  the  low 
values  of  total  calcium  and  phosphorus  retained  in  the  residues. 

It  may  be  noted  that  residues  from  glycol  extractions  also  appear  to  have 
retained  some  10  per  cent  more  of  their  initial  phosphorus  content  than  of 
their  initial  calcium.  This  difference  persisted  even  after  a  sulfuric  acid- 
peroxide  oxidation  was  done  prior  to  the  phosphate  determinations. 

SUMMARY  AND  CONCLUSIONS 

Certain  extraction  properties  of  alkaline  ethylene  glycol  have  been  compared 
with  those  of  ethylenediamine  on  human  dentin. 

It  appears  that  use  of  ethylenediamine  for  the  extraction  of  dentinal 
organic  matter  will  permit  the  recovery  of  a  greater  percentage  of  the  mineral 
fraction  than  can  be  accomplished  by  the  use  of  alkaline  ethylene  glycol. 
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PUNCHED-CARD  RECORDING  OF  CARIOUS  LESIONS  OF  BOTH 
DENTITIONS  OF  MAN 

GERALD  J.  COX  AND  JESSICA  WITTEMAN  NATHANS 
School  of  Dentistry,  University  of  Pittsburgh,  Pittsburgh,  Pa. 

INTRODUCTION 

For  definitive  study  of  the  causes  of  dental  caries,  the  data  of  carious  attack 
should  be  available  in  particulate  form  for  all  areas  of  all  teeth  of  both  denti¬ 
tions  of  man.  Furthermore,  the  data  of  all  suspected  causal  or  preventive 
factors  should  also  be  kept  separate  so  far  as  that  is  possible,^ 

PRINCIPLES 

This  report  is  concerned  with  a  method  of  reducing  individual  dental  rec¬ 
ords  to  a  form,  namely,  a  single  punched  card  of  the  Hollerith  type  that  permits 
(1)  the  ready  analysis  of  a  population  for  simple  frequency  of  carious  attack 
on  any  surface  of  any  of  the  primary  and  permanent  teeth  of  man,  (2)  study 
of  association  of  decay  of  any  groups  of  2  or  more  dental  areas,  and  (3)  study 
of  frequency  of  and  associations  of  other  oral  conditions. 

In  order  to  record  all  of  the  data  of  caries  in  52  teeth  as  well  as  to  give 
description  of  the  subjects  and  other  oral  conditions  on  a  single  card,  the  follow¬ 
ing  principles  have  been  used: 

1.  If  the  object  of  a  study  is  prevention  of  dental  caries  then  interest  is  in 
the  frequency  of  noncarious  areas.  This  can  be  shown  best  by  recording 
carious  areas.  Subsequent  fate  of  an  area,  whether  decay  spreads  to  other 
surfaces,  whether  the  lesion  is  restored  or  the  tooth  is  lost,  is  not  pertinent  to 
prevention.  If  two  or  more  examinations  are  made,  new  carious  lesions,  without 
estimate  of  size  of  cavities,  can  be  analyzed  by  these  methods.  If  the  study 
is  concerned  with  progress  of  caries  then  sizes  of  cavities  must  be  estimated 
and  other  methods  than  these  presented  must  be  used. 

2.  Position  in  the  dental  arch  has  been  used  rather  than  reference  to  a 
specific  tooth.  Thus,  a  space  is  occupied  by  either  a  primary  or  a  permanent 
tooth  or  it  is  vacant. 

3.  The  pattern  of  carious  attack  on  a  tooth  is  given  by  a  single  number 
which  represents  the  combination  of  all  possible  carious  lesions.  This  number 
is  derived  from  the  formula  2“  -1  in  which  “n”  is  the  number  of  surfaces 
which  commonly  are  attacked  by  caries  in  a  specific  tooth.  For  example,  if  a 
tooth  may  become  carious  in  4  areas  there  are  2*  -1,  or  15  combinations  of  decay. 
(See  Table  I  for  combinations  of  decay  in  7  areas.) 

This  study  was  supported  by  a  grant  from  the  Colgate-Palmolive  Company. 

Presented  at  the  33rd  General  Meeting  of  the  International  Association  for  Dental 
Research  at  Chicago,  Ill.,  March  19,  1955.  (/.  D.  Res.  S4:  680,  1955.) 
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Table  I 

General  Arbitrary  Codes  for  Seven  Areas  op  Carious  Attack,  Columns  14  to  65, 

Inclusive 


AREAS 

CODE 

NO. 

AREAS 

CODE 

NO. 

AREAS  1 

CODE 

NO. 

AREAS 

CODE 

NO. 

m 

1 

mbl  2 

36 

dl 

68 

b2 

100 

md 

2 

mbl3 

37 

d2 

69 

b3 

101 

mb 

3 

mb23 

38 

d3 

70 

mp 

4 

mpl2 

39 

bpl 

102 

ml 

5 

mpl  3 

40 

dbp 

71 

bp2 

103 

m2 

6 

mp23 

41 

dbl 

72 

bp3 

104 

m3 

7 

ml23 

42 

db2 

73 

bl^> 

105 

db3 

74 

bio 

106 

mdb 

8 

mdbpl 

43 

dpi 

75 

b23 

107 

mdp 

9 

mdbp2 

44 

dp2 

76 

mdl 

10 

mdbp3 

45 

dp3 

77 

bpl2 

108 

md2 

11 

mdbl  2 

46 

dl2 

78 

bpl3 

109 

md3 

12 

mdbl3 

47 

dl3 

79 

bp23 

110 

mbp 

13 

mdb23 

48 

d23 

80 

bl23 

111 

mbl 

14 

mdpl2 

49 

mb2 

15 

mdpl3 

50 

dbpl 

81 

bpl23 

112 

mb3 

16 

mdp23 

51 

dbp2 

82 

mpl 

17 

mdl23 

52 

dbp3 

83 

P 

113 

mp2 

18 

mbpl  2 

53 

dbl2 

84 

mp3 

19 

mbpl3 

54 

dbl3 

85 

pi 

114 

ml2 

20 

mbp23 

55 

db23 

86 

p2 

115 

ml3 

21 

mbl23 

56 

dpl2 

87 

p3 

116 

m23 

22 

mpl23 

57 

dpl3 

88 

dp23 

89 

pl2 

117 

mdbp 

23 

mdbpl 2 

58 

dl23 

90 

pl3 

118 

mdbl 

24 

mdbpl3 

59 

dbpl2 

91 

p23 

119 

mdb2 

25 

mdbp23 

60  • 

dbpl  3 

92 

mdb3 

26 

mdbl23 

61 

dbp23 

93 

pl23 

120 

mdpl 

27 

mdpl23 

62 

dbl  23 

94 

mdp2 

28 

mbpl23 

63 

dbl23 

95 

1 

121 

mdp3 

29 

12 

122 

mdl2 

30 

mdbpl23 

64 

dbpl23 

96 

13 

123 

mdl3 

31 

123 

124 

md23 

32 

d 

65 

b 

97 

2 

125 

mbpl 

33 

23 

126 

mbp2 

34 

db 

66 

bp 

98 

3 

127 

mbp3 

35 

dp 

67 

bl 

99 

4.  Carious  attack  can  be  arbitrarily  assigned  to  a  set  of  susceptible  areas, 
as  did  Black,*  but  the  code  number  can  be  reduced  empirically  to  description 
of  less  than  100  combinations  for  any  tooth. 

PROCEDURES 

For  the  practical  transfer  of  individual  dental  findings  to  punched  cards, 
records  of  about  4,300  American  Samoan  children  and  young  adults*  have 
been  used.®  The  data  were  coded  directly  on  the  original  record  forms  and  the 
cards  were  punched  by  an  operator  using  a  template  bearing  guides  to  the 
columns  to  be  punched  in  the  cards  and  masking  all  other  aspects  of  the  records. 
One  of  the  principal  objectives  of  this  study  was  to  design  an  original  record 
form  to  facilitate  coding  for  the  more  ready  transfer  of  data  to  the  punched 
card. 

For  this  study  on  Samoan  children,  the  data  descriptive  of  the  examinees 
and  of  the  examiners  required  13  columns,  as  shown  in  Table  II.  In  general, 

•The  authors  are  indebted  to  Commander  Fred  L.  Losee  of  the  Naval  Medical  Research 
Institute  for  the  use  of  the  oriRinal  records. 
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Table  II 

Descriptiox  of  Subjects  and  Examining  Personnel 


_ SUBJECT  matter _ j _ COLUMNS 

Examinee,  sex  '  1-4 

Examiners  and  recorders  5 

Name  of  school  6,  7* 

Name  of  village  8,9 

Age  in  months  10-12 

Type  of  dentition,  caries  or  no  caries _  13 


fewer  columns  would  be  required  but  in  this  study  subjects  were  drawn  from 
over  90  villages  and  there  were  35  schools  with  names  differing  from  the  names 
of  the  villages. 

In  Columns  14  to  65,  inclusive,  the  records  of  dental  caries  were  punched 
as  follows:  primary  tooth,  upper  row,  commonly  designated  as  “12”;  missing 
tooth,  second  row,  designated  as  “x”;  no  punch  in  either  of  these  rows  in¬ 
dicated  that  a  permanent  tooth  was  present  in  the  space.  If  the  tooth  was 
carious,  a  number  was  punched  in  one  or  two  columns  according  to  an  empiri¬ 
cally  determined  number.  The  general  system  of  determining  the  number 
from  the  formula  2“  -1  is  shown  in  Table  I. 

It  was  recognized  that' all  teeth  were  susceptible  to  decay  in  both  mesial 
and  distal  surfaces.  The  letter  “m”  was  assigned  in  the  code  for  carious  at¬ 
tack  in  mesial  surfaces  and  “d”  for  distal  surfaces.  The  letter  “b”  was  used 
for  buccal  and  labial  surface  decay.  Since  the  typewritten  letter  “1”  is  the 
same  as  the  number  “1,”  the  letter  “p”  (palatal)  was  chosen  to  represent  all 
lingual  decay.  The  numbers  “1,”  “2,”  and  “3”  were  used  for  decay  in 
mesial,  central,  and  distal  pits  of  occlusal  surfaces,  respectively. 

It  is  indicated  by  Table  I  that  there  are  127  combinations  of  decay  in  a 
molar  tooth  presenting  3  occlusal  pits  and  4  lateral  surfaces.  Empirically,  many 
of  these  combinations  were  not  found  and  the  number  was  reduced  in  all  molar 
teeth  to  less  than  100,  thus  obviating  the  use  of  more  than  2  columns  for  each 
tooth. 

If  the  tooth  was  free  of  carioas  attack,  no  number  was  punched. 

In  all  practical  studies  unusual  conditions  are  found.  This  was  provided 
for  by  punching  “9”  in  single  columns  and  “90”  in  double  columns  so  refer¬ 
ence  could  be  made  to  original  records  for  interpretation.  If  only  the  roots 
of  a  tooth  remained,  “8”  was  punched  in  single  columns  and  “80”  in  double 
columns. 

For  coding,  inspection  was  first  made  of  the  mesial  surface,  followed  by 
distal,  buccal,  and  lingual  and  the  mesial,  central,  and  distal  pits.  The  code 
was  very  quickly  and  easily  found.  By  inspection  of  the  records  for  the  molars, 
the  arbitrary  codes  were  readily  reduced  to  empirical  codes  if  it  was  necessary 
to  obtain  numbers  less  than  100. 

In  the  foregoing,  all  numbers  punched  other  than  in  “12”  and  “x”  were 
unique  and,  hence,  exclusive  of  other  numbers.  In  the  remainder  of  the  columns 
multiple  punching  was  used. 

In  Table  III  is  shown  the  use  made  of  Columns  66  to  80,  inclusive. 
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Table  III 

Records  of  Oral  Conditions  Other  Than  Dental  Caries 


COLUMN 

1  CONDITION  AND  DESCRIPTION* 

66 

Calculus:  type,  degree  and  location 

67 

Stains:  degree,  color,  location 

68 

Wear:  degree,  location,  sp“<*ial  features 

69 

Cracked  plates:  teeth  affected 

70 

Buccal  pits:  teeth  affected 

71 

Deep  pits  and  fissures:  locations 

72 

Orthodontic  descriptions  including  supernumerary  teeth 

73 

Lingual  version:  teeth  affected 

74 

Labial  version:  teeth  affected 

75 

Opaqueness:  types  and  special  cases 

76 

General  cleanliness 

77 

Gingivitis 

78 

Paradentosis 

79 

Occlusion  (mandibular) 

80 

Mottling 

•We  are  indebted  to  Dr.  D.  E.  Kuentzel  of  Wyandotte  Chemical  Corporation  for  advice 
on  multiple  punching:  of  the  cards  in  these  columns. 


DISCUSSION 

It  is  to  be  emphasized  that  the  recording  of  the  decisions  of  the  dental 
examiner  was  the  sole  purpose  of  this  study  and  the  decisions  were  entirely 
accepted  as  bona  fide. 

Single  restorations  extending  into  2  or  more  empirical  areas  have  been 
treated  as  primary  decay  in  each  area.  Such  restorations  cannot  otherwise  be 
treated  unless  the  records  indicate  extension  for  prevention  rather  than  for 
repair.  Also,  prophylactic  fillings  must  necessarily  be  treated  as  decayed  areas 
unless  records  indicate  otherwise. 

It  is  also  to  be  emphasized  that  herein  are  presented  principles  rather  than 
a  finished  method  for  recording  caries  findings  from  diverse  studies. 

SUMMARY 

A  method  has  been  described  for  recording  in  a  single  punched  card  oral 
conditions  involving  all  the  teeth  of  both  dentitions  of  man,  including  mixed 
dentition.  The  complete  condition  of  each  tooth  is  shown  by  a  single  number 
representing  an  empirically  determined  combination  of  carious  attack. 

REFERENCES 

1.  Cox,  G.  J. :  A  Critique  of  the  Etiology  of  Dental  Caries,  Fitamirut  and  Hormonts  2:  255, 

1944. 

2.  Black,  G.  V.:  Dental  Caries  in  the  American  System  of  Dentistry,  W.  F.  Litch,  ed., 

Philadelphia,  1886,  Lea  Brothers  and  Company. 

3.  Losee,  F.  L.:  Results  of  a  Year’s  Research  on  Dental  Caries  in  American  Samoa — 1950, 

J.  Am.  Acad.  Applied  Nutrition  5:  258,  1952. 


INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH 

Scientific  Proceedings  of  the  British  Division 
April  13  and  14,  1956 

Compiled  hy  I.  R.  H.  Kramer,  Editor, 

British  Division 

I.  Index  of  Participants  and  Sequence  Numericals  for  Corresponding 

Abstracts 

Bisset,  K.  A.,  25;  Blake,  G.  C.,  18;  Brain,  E.  B.,  10;  Cooke,  B.  E.  D.,  1; 
Crabb,  H.  S.  M.,  15;  Darling,  A.  I,,  15;  Davis,  G.  H.  G.,  25;  Dixon,  A.  D.,  13; 
English,  J.  A.,  30;  Farmer,  E.  D.,  2;  Fearnhead,  R.  W.,  19;  Gairns,  F.  W.,  9; 
Greulich,  R.  C.,  22;  Hartles,  R.  L.,  28,  26;  Hayward,  A.  C.,  25;  Hitchin,  A.  D.,  5; 
Hodson,  J.  J.,  3;  Holloway,  P.  J.,  16;  Hughes,  Shirley  G.,  17;  Jackson,  D.,  4; 
Jenkins,  G.  N.,  24;  Kerr,  A.  C.,  23;  Kleinberg,  I.,  24;  Kramer,  L  R.  H.,  7,  8; 
Leach,  S.  A.,  20;  Mackenzie,  E.  B.,  7;  McLean,  J.  \V.,  7;  Mellanby,  May,  16;  Noble, 
H.  W.,  6;  Rowles,  S.  L.,  10;  Russell,  L.  H.,  8;  Scott,  J.  H.,  11;  Stack,  M.  V.,  29; 
Staple,  P.  H.,  27;  Ten  Cate,  A.  R.,  14;  Tonge,  C.  H.,  12;  Wagg,  B.  J.,  26;  Weid- 
mann,  S.  M.,  21. 

The  British  Division  held  its  fourth  meeting  at  the  School  of  Dental 
Surgery,  University  of  Liverpool,  on  Friday,  April  13,  and  Saturday  morning, 
April  14,  1956.  Thirty  papers  and  7  demonstrations  were  presented  and  the 
meeting  was  attended  by  85  members  and  visitors,  this  attendance  being  30 
per  cent  larger  than  at  last  year’s  meeting. 

1.  Oral  Epitheual  Nevi.  B.  E.  D.  Cooke,  Department  of  Dental  Medicine, 
Guy's  Hospital,  University  of  London.  There  are  nevoid  disturbances  either 
present  at  birth  or  developing  later  in  life  in  which  hyperplasia  of  the  prickle 
cells  occurs  without  the  presence  of  ordinary  nevus  cells.  It  gradually  pro¬ 
gresses  to  a  certain  point  and  then  remains  stationary.  Being  symptomless,  it 
may  be  discovered  on  any  part  of  the  oral  mucosa,  at  any  age,  and  in  either 
sex.  The  white  patch  has  a  wrinkled  appearance  with  tesselation  or  wartiness, 
and  is  often  symmetrical.  Two  main  histologic  appearances  are  observed; 
either  there  is  an  increased  rate  in  the  production  of  keratin,  giving  the  keratin 
layer  a  definite  basket-weave  pattern,  or  there  is  a  failure  of  the  keratin  to 
separate.  The  underlying  corium  is  normal.  A  peculiar  dyskeratosis  below 
the  granular  layer  may  be  seen  that  would  appear  to  impair  the  mechanical 
properties  of  the  epithelial  layer,  so  that  it  splits,  exposing  the  underlying 
corium. 

2.  Recurrent  Ulcerations  of  the  Oral  Mucosa.  E.  D.  Farmer,  Depart¬ 
ment  of  Parodontal  Diseases,  University  of  Liverpool,  The  patients  examined 
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in  this  preliminary  survey  have  been  divided  into  2  main  elasses;  those  with 
and  those  without  a  previous  history  of  acute  herpetic  stomatitis.  Fifteen 
cases  with  a  confirmed  diagnosis  of  acute  herpetic  stomatitis  reported  having 
had  ulcers  or  vesicles  in  the  mouth  over  periods  ranging  between  6  months 
and  2  years  after  the  primary  infection.  Ten  of  these  had  lesions  only  in  the 
mouth  and  5  had  lesions  in  the  mouth  and  on  the  lips.  None  of  these  patients 
had  experienced  ulcers  in  the  mouth  prior  to  the  acute  infection.  A  virus  was 
not  isolated  from  the  2  recurrent  lesions  where  this  was  attempted.  A  biopsy 
taken  from  one  case  where  the  lesion  appeared  5  weeks  after  the  primary 
infection  showed  vesicle  formation  and  typical  herpetic  intranuclear  inclusion 
bodies  in  the  involved  epithelial  cells.  Eighteen  patients  with  recurrent  oral 
ulcerations  but  with  no  previous  history  of  an  acute  stomatitis  were  examined. 
Attempts  at  virus  isolation,  using  the  chorioallantoic  membrane  of  the  12-day- 
old  embryonated  egg,  were  unsuccessful.  Histologic  examination  of  early 
lesions  in  18  cases  showed  that  there  were  at  least  3  different  types  of  lesions : 
(1)  a  nonspecific  type  of  ulcer;  (2)  a  proliferation  of  the  epithelial  cells, 
thickening  of  the  cell  membrane,  pyknosis  or  karyolysis,  and  a  granular  ap¬ 
pearance  of  the  cell  contents;  and  (3)  the  formation  of  an  intraepithelial 
vesicle  which  may  be  accompanied  by  the  changes  recorded  under  2.  The  re¬ 
lationship  between  these  3  types  of  lesion  is  at  present  uncertain. 

3.  Adamantinomas  of  the  Mandible  Showing  Mucoepidermoid  Varia¬ 
tions.  J.  J.  Hodson,  Department  of  Oral  Pathology,  Dental  School,  University  of 
Sheffield.  Only  one  adamantinoma  showing  mucous  changes  appears  to  be  men¬ 
tioned  in  the  literature  (McGregor,  Acta  Radiol.  16:  254,  1935).  In  3  cases  of 
classical  adamantbiOmas,  mucous  changes  have  been  found,  the  character  of 
which,  however,  does  not  warrant  them  being  classified  as  a  separate  group, 
but  rather  as  a  further  structural  variation  emphasizing  the  pleomorphic  char¬ 
acter  of  these  tumors.  The  appearances  are  compared  with  mucoepidermoid 
patches  in  otherwise  typical  mixed  salivary  tumors  and  the  group  known  as 
mucoepidermoid  carcinomas.  The  extent  of  mucous  change  in  the  adamanti¬ 
nomas  varies  considerably  in  different  tumors,  ranging  from  a  few  cells  to 
extensive  mucus-filled  cysts.  Glycogen,  amongst  other  materials,  may  also  be 
present  and  must  be  distinguished  from  mucin.  Poorly  staining,  denatured 
mucin,  eosinophilic  splashes  and  globules  of  mucin,  and  also  metachromatic 
mucin  occur  and  are  identical  in  appearance  to  those  seen  in  mixed  salivary 
tumors.  The  mucous  cell  metaplasia  seems  to  take  place  chiefly  after  squamous 
differentiation,  and  often  enlargement,  of  the  stellate  and  intermediate  “basal 
cells”  of  the  tumor  follicles.  Less  frequently  it  occurs  direct  from  “stellate 
cells.”  It  may  also  occur  in  the  primary  (i.e.,  nonmetaplastic)  squamous 
epithelium  seen  in  some  adamantinomas.  In  addition  there  are  mucous  micro¬ 
cysts  similar  to  those  recently  described  in  certain  mucoepidermoid  odonto¬ 
genic  cysts  of  the  jaws.  (Hodson:  Proc.  Roy  Soc.  Med.  49:  637,  1957.)  In 
some  of  the  larger  cysts  the  contents  may  consist  entirely  of  mucous  material 
or  globules.  No  conc’usions  can  be  drawn  yet  regarding  the  clinical  behavior 
of  adamantinomas  showing  these  features. 
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4.  Initial  Considerations  on  the  Phenomenon  of  Arrested  Dental 
Caries.  D.  Jackson,  Biological  Research  Unit,  School  of  Dentistry,  University 
of  Leeds.  The  investigation  was  initiated  to  determine  the  nature  of  that  condi¬ 
tion  in  which  an  extensive  caries  lesion  eventually  ceases  leaving  a  hard,  sound, 
and  invariably  stained  dentin  surface  which  appears  to  have  good  resistance 
to  further  attack.  A  gross  section  of  these  teeth  shows  a  well-circumscribed 
area  of  stained  dentin  which  is  optically  different  from  normal  dentin.  In  thin 
ground  sections  the  condition  is  analogous  to  the  phenomenon  which  has  been 
termed  “metamorphosed  dentin.”  A  transverse  section  of  the  tubules  in  this 
area  shows  that  they  are  partially  or  completely  occluded  with  mineral  salts. 
In  decalcified  sections  the  dentin  appears  to  be  normal.  X-ray  diffraction 
pictures  of  this  changed  dentin  show  a  better  crystalline  structure  than  is 
present  in  adjacent  normal  dentin. 

5.  Occlusion  in  Sheep — Some  Breeding  Experiments.  A.  D.  Hitchin, 
Dundee  Dental  School,  Queen's  College,  University  of  St.  Andrews.  The  differ¬ 
ent  types  of  occlusion  of  the  incisors  against  the  maxillary  pad  in  sheep  have 
already  been  described.  In  Type  1  the  incisors  occlude  against  the  crest  of  the 
pad,  producing  a  right  angle  wear  from  attrition ;  whereas  in  Type  2,  common 
in  the  Cheviot  breed,  they  occlude  onto  the  front  of  the  pad  and  become  worn 
to  a  sharp  chisel  bevel  (Hitchin,  D.  Rec.  58:  251,  1948).  Experiments  have 
been  made  to  try  to  control  the  type  of  occlusion  in  Cheviot  flocks  by  breed 
selection.  Random  samples  of  Cheviot  lambs  from  Nithsdale  showed  47.7  per 
cent  and  amongst  the  ewes  9.9  per  cent  with  Type  1  occlusion.  Cheviot  tups 
with  Type  1  occlusion  were  found  to  serve  these  Cheviot  ewes.  Five  separate 
experiments  were  carried  out  in  this  manner  with  4  different  tups.  As  a  re¬ 
sult,  a  total  of  246  lambs  was  obtained,  of  which  177  displayed  Type  1  occlu¬ 
sion  and  69,  Type  2.  Thus,  71.5  per  cent  of  the  lambs  had  Type  1  occlusion 
compared  with  47.7  per  cent  in  the  random  samples.  There  are,  therefore, 
hereditary  factors  controlling  occlusion  in  sheep,  which  should  not  be  ignored 
in  breed  selection. 

6.  The  Occurrence  and  Identification  of  Cotton  Fiber.s  in  Operative 
Wounds.  H.  W.  Nohle,  Dental  Anatomy  Department,  University  of  Glasgow. 
The  tissue  reaction  of  a  healing  operative  wound  to  nonabsorbable  mineral 
particles  such  as  talcum  powder  has  been  extensively  reported.  Less  attention 
has  been  paid  to  the  possible  inclusion  of  microscopical  fibers  of  cotton  wool 
during  an  operation,  and  to  the  tissue  reaction  which  they  provoke  if  not  re¬ 
moved.  Investigations  have  been  made  upon  the  factors  which  lead  to  the 
wound  contamination  by  cotton  fibers  and  the  difficulties  associated  with  their 
subsequent  identification  in  the  healing  tissue.  It  is  concluded  that  such  con¬ 
tamination  may  occasionally  occur  and  that  it  may  cause  delayed  healing  of 
the  wound. 

7.  Histologic  Studies  on  the  Use  of  Plastic  Emulsions  for  Cavity  Lin¬ 
ing.  I.  R.  H.  Kramer  and  J.  W.  McLean,  Institute  of  Dental  Surgery,  University 
of  London,  and  Surg.  Cdr.  (D)  E.  B.  Mackenzie,  R.N.  Plastic  emulsion  paints 
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(p.e.p.)  can  be  applied  to  skin  repeatedly  without  causing  irritation,  and  they 
adhere  firmly  to  most  surfaces,  forming  a  slightly  pliable  film  of  uniform 
thickness.  In  addition  they  can  be  diluted  with  water  and  consequently  are 
unaffected  by  slight  moisture  contamination  during  application.  Therefore, 
their  possible  usefulness  as  cavity  lining  materials  was  investigated,  especially 
in  relation  to  the  self-polymerizing  acrylic  resins.  The  experiments  were  de¬ 
signed  to  determine:  (1)  whether  the  material  caused  pulpal  irritation,  and 
(2)  whether  pulp  reactions  to  the  filling  resins  would  be  prevented.  Cavities 
prepared  in  noncarious  human  teeth  were  lined  with  p.e.p.  and  filled  with 
(a)  amalgam,  (b)  a  resin  activated  with  paratoluene  sulphinic  acid,  and  (c) 
a  resin  activated  by  a  benzoyl  peroxide-lauryl  mercaptan  system  and  also  con¬ 
taining  methacrylic  acid.  Histologic  examinations  showed  that  in  Group  A 
the  pulps  showed  no  inflammatory  reaction.  However,  in  Group  B  the  pulp 
reactions  did  not  differ  significantly  from  those  encountered  when  the  same 
resin  was  used  unlined  (McLean  and  Kramer,  Brit.  D.  J.  93:  255,  1952),  while 
in  Group  C  p.e.p.  did  not  prevent  the  development  of  the  characteristic  pulp 
reactions  to  methacrylic  acid  (Kramer,  J.  D.  Res.  34:  782,  1955).  It  was  con¬ 
cluded  that,  although  free  from  significant  irritant  properties  itself,  this  par¬ 
ticular  type  of  p.e.p.  does  not  form  an  effective  barrier  against  the  irritant 
components  of  two  self-polymerizing  resins.  Preliminary  experiments  with 
another  type  of  p.e.p.  suggest  that  modification  of  the  formula  may  result  in 
the  development  of  a  material  which  is  a  more  effective  barrier. 

8.  Observations  on  the  Vascular  Architecture  of  the  Dental  Pulp. 
L.  H.  Russell  and  I.  R.  II.  Kramer,  Department  of  Dental  Pathology,  Institute 
of  Dental  Surgery,  University  of  London.  Using  a  method  previously  described 
(Kramer,  Anat.  Rec.  3:  91,  1951),  pulpal  blood  vessels  were  injected  in  ex¬ 
tracted  carious  and  noncarious  deciduous  and  permanent  teeth.  It  was  found 
advantageous  to  filter  the  perfusing  fluid  (Keller  and  Cohen,  Oral  Surg.  8:  539, 
1955),  Satisfactory  injections  were  regularly  obtained  with  fully  formed 
permanent  teeth,  and  with  deciduous  teeth  even  when  there  was  marked  root 
resorption.  Permanent  teeth  with  open  apices  gave  less  consistent  results, 
possibly  due  to  a  tendency  of  the  apical  vessels  to  collapse.  The  following 
features  were  observed  in  addition  to  those  reported  by  previous  workers.  In 
many  root  canals  the  subodontoblastic  plexus  is  present  on  one  aspect  only. 
In  permanent  teeth  there  are  often  numerous  lateral  canals  connecting  the 
root  canal  to  the  periodontal  membrane;  these  usually  contain  a  pair  of  ves¬ 
sels,  one  large  and  one  small.  Where  roots  are  flat  and  have  more  than  one 
canal,  as  in  lower  molars,  or  where  they  are  fused,  a  complex  of  vessels  is 
seen  passing  from  one  root  canal  to  the  other  across  the  dentine  bridge.  Some¬ 
times,  a  large  vessel  pierces  the  wall  of  the  bridge  and  communicates  with  the 
vascular  systems  of  both  root  canals.  Mainly  in  the  deciduous  teeth,  large 
vessels  were  noted  passing  through  the  walls  of  the  root  canals  and  having 
branches  running  in  both  coronal  and  apical  directions.  In  the  pulp  chamber 
there  appears  to  be  a  full  anastomosis  between  the  vessels  of  each  root,  rather 
than  separate  closed  vascular  systems. 
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9.  The  Sensory  Nerve  Endings  of  the  Human  Gingiva,  Palate,  and 
Tongue.  F.  W.  Gairns,  Institute  of  Physiology,  University  of  Glasgow.  Descrip¬ 
tions  of  the  sensory  nerve  endings  of  the  human  gingiva  and  palate  have 
already  been  published  (Gairns  and  Aitchison,  D.  Rec.  70:  180,  1950,  and 
Gaims,  Quart.  J.  Exp.  Phys.  40:  40,  1955) ;  more  recent  work  has  been  directed 
to  the  endings  in  the  tongue.  The  endings  in  these  3  regions  are  similar.  In 
all  3  sites  the  endings  are  of  2  main  types:  (1)  free  nerve  endings  in  the 
epidermis  and  upper  dermal  zone,  and  (2)  organized  endings  in  the  dermis 
lying  mainly  in  the  dermal  papillae  or  immediately  below  them.  The  free 
nerve  endings  are  extremely  profuse  and  may  arise  from  either  myelinated  or 
nonmyelinated  nerve  fibers.  The  organized  endings  are  either  encapsulated 
or  nonencapsulated.  The  encapsulated  endings  are  typical  Meissner  cor¬ 
puscles  or  Krause  end-bulbs  such  as  are  found  in  the  glabrous  skin.  The  un¬ 
encapsulated  types  are  usually  whorls  or  skeins  of  varying  size  and  shape. 
Several  may  be  found  in  a  single  papilla.  Many  of  the  organized  endings  have 
a  special  feature:  they  exhibit  fine  fibrils  (ultraterminal)  which  pass  from 
the  actual  ending  in  the  papilla  into  the  epithelium  and  run  there  in  a  straight 
unbranched  course  to  the  outermost  layers.  It  is  suggested  that  these  “ultra- 
terminal”  fibrils  are  probably  present  only  in  moist  mucous  membranes  since 
there  is  no  evidence  for  their  occurrence  on  other  surfaces  of  the  body.  Ke- 
cent  work  (Nisbet,  J.  Physiol.  130:  3P,  1955),  indicates  that  similar  unbranched 
fibrils  passing  into  the  epithelium  from  the  dermis  are  present  in  the  moist 
muzzles  of  cattle. 

10.  Silver  Staining  op  Nerves  in  Urea  Solutions.  S.  L.  Bowles  and  E.  B. 
Brain,  Department  of  Dental  Pathology,  University  of  Birmingham.  The  silver 
staining  of  nerves  by  Ungewitter’s  method  {Stain  Technol.  26:  73,  1951)  uti¬ 
lizes  impregnation  by  silver  nitrate  solution  containing  a  large  concentration  of 
urea.  Variation  in  staining  obtained  with  this  method  prompted  an  investiga¬ 
tion  of  the  changes  occurring  in  the  impregnating  solution.  Nerve  staining 
appears  to  depend  on  attaining  suitable  pH  and  silver  ion  concentration  levels, 
and  may  be  enhanced  by  the  presence  of  silver  cyanate.  A  modified  impreg¬ 
nating  solution  consisting  basically  of  a  saturated  solution  of  silver  cyanate 
in  buffered  (pH  5.5  to  6.5)  urea  has  given  fairly  consistent  nerve  staining 
with  a  variety  of  formalin-fixed,  distearate-embedded  human  teeth.  Impreg¬ 
nation  with  other  solutions  saturated  with  silver  cyanate  has  also  given  useful 
results.  Consideration  is  being  given  to  the  mechanism  of  the  nerve  staining 
process  in  these  solutions. 

11.  The  Nerve  Supply  of  the  Upper  Teeth.  J.  II.  Scott,  Anatomy  De¬ 
partment,  Queen’s  University,  Belfast,  N.  Ireland.  There  is  lack  of  agreement 
in  the  textbooks  regarding  the  presence  of  the  middle  superior  dental  nerve 
in  man.  The  relationship  of  the  superior  dental  nerves  to  the  teeth  was  studied 
in  fetal  material,  and  the  neurovascular  canals  were  investigated  in  a  series 
of  adult  maxillary  bones.  A  middle  dental  nerve  was  found  to  be  present  in  a 
large  number  of  cases  (see  also  Olsen,  Teuscher,  and  Vehe,  J.  D.  Res.  34:  413, 
1955).  It  may  be  present  on  one  side  of  the  face  and  absent  on  the  other. 
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Unlike  the  anterior  dental  nerve,  which  is  remarkably  constant  in  its  course 
(Wood-Jones,  J.  Anat.  Lond.  73:  583,  1939),  the  middle  and  posterior  nerves 
show  a  wide  range  of  variation  in  their  position  relative  to  the  teeth  and  the 
maxillary  antrum. 

12.  Observations  on  the  Dental  Lamina  in  Man.  C.  H.  Tonge,  Depart¬ 
ment  of  Anatomy,  Medical  School,  Newcastle-upon-Tyne.  Serial  sections  cut 
sagitally,  horizontally,  and  coronally  of  human  fetal  material  between  6  weeks 
and  5  months  have  been  studied.  As  the  dental  lamina  forms,  that  part  of  it 
which  lies  deepest  within  the  connective  tissue  consists  of  a  core  of  closely 
packed  spherical  cells  lined  by  tall  columnar  cells.  Nearer  the  surface  the 
lamina  comprises  loosely  arranged  polyhedral  cells  lined  by  low  columnar  or 
cuboidal  cells.  In  the  vicinity  of  the  deciduous  mandibular  first  incisor,  a 
corrugation  of  the  surface  cells  with  a  concentric  arrangement  of  the  central 
cells  was  observed  in  the  zone  of  junction  between  the  labial  and  main  parts 
of  the  dental  lamina.  This  retrogressive  change  appears  coincident  with 
cellular  differentiation  of  the  enamel  organ.  During  separation  of  the  enamel 
organ  from  the  labial  part  of  the  dental  lamina,  the  frequent  persistence  of  a 
deep  connection  to  the  outer  enamel  epithelium  is  observed  in  the  stage  pre¬ 
ceding  amelogenesis.  Disintegration  of  the  superficial  parts  of  the  dental 
lamina  of  the  deciduous  dentition  in  the  fourth  and  fifth  months  is  marked 
by  islet  or  strand  formation.  These  islets,  comprising  a  core  of  polyhedral 
cells  lined  by  cuboidal  cells,  may  disappear,  remain  latent,  or  undergo  pro¬ 
liferative  degeneration  characterized  by  an  enlargement  and  concentric 
arrangement  of  their  cellular  center  with  a  flattening  of  their  lining  cells. 
Cystic  degeneration  is  commonly  observed.  The  deeper  parts  of  the  lamina 
and  the  area  of  separation  of  the  successional  tooth  buds  break  up  by  forming 
small  cellular  clusters,  or  networks,  or  individual  cells. 

13.  Early  Development  op  the  Maxilla  in  Mammals.  A.  D.  Dixon,  De¬ 
partment  of  Anatomy,  University  of  Manchester.  Stained  serial  sections  of  the 
head  region  of  67  embryos  and  fetuses  enabled  the  early  stages  of  formation  of 
the  maxilla  to  be  studied  in  representatives  of  the  Orders  Artiodactyla, 
Rodentia,  Carnivora,  and  Primates.  In  the  sheep,  typical  of  mammals  in 
which  the  premaxilla  is  separate  from  the  maxilla  throughout  intrauterine 
life,  wax  reconstructions  of  the  maxilla  and  related  structures  in  embryos  of 
27,  30,  and  35  mm.  CR  length  show  that  bone  deposition  begins  with  the  forma¬ 
tion  of  a  single  center  of  ossification,  which  is  closely  related  topographically 
to  the  angle  formed  by  the  infraorbital  and  anterior  superior  dental  nerves. 
As  extensions  of  this  primary  neural  element,  frontal,  zygomatic,  palatal,  and 
alveolar  processes  are  formed,  establishing  secondary  relationships  with  the 
nasal  capsule  and  the  dental  lamina.  This  is  the  basic  pattern  of  development 
in  other  mammals,  despite  wide  variations  in  facial  contours,  the  primary 
bone-nerve  relationship  occurring  so  constantly  as  to  suggest  induction  of  the 
maxilla  by  nervous  tissue.  Secondary  or  accessory  cartilage  enters  into  the 
formation  of  the  maxilla  at  certain  stages  in  some  mammals,  particularly  in 
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the  zygomatic  and  alveolar  regions  of  rodents  and  man.  This  cartilage  is 
often  of  a  temporary  hypertrophic  type  associated  with  growth  pressures,  in 
contrast  to  the  hyaline  growth  cartilage  of  the  mandibular  condyle.  It  is 
suggested,  however,  that  maxillary  and  mandibular  bone  development  is  not 
dissimilar. 

14.  Observations  on  the  Cells  of  the  Enamel  Organ.  A.  R.  Ten  Cate, 
Anatomy  Department,  London  Hospital  Medical  College,  University  of  London. 
Previous  investigators  have  described  cells  of  the  stratum  intermedium  inter¬ 
mingling  with  the  ameloblasts  before  the  onset  of  calcification.  Additions  to 
the  ameloblast  layer  by  the  cells  of  the  stratum  intermedium  after  the  initia¬ 
tion  of  calcification  have  also  been  reported  (Lehner  and  Plenk,  Mollendorff ’s 
Handb.  d.  mikrosk.  Anat.  d.  mensch.,  Vol.  3,  Berlin,  1936).  The  present  in¬ 
vestigation  concerns  observations  made  on  the  relationship  between  the  cells 
of  the  stratum  intermedium  and  the  ameloblasts,  in  human  and  other  mam¬ 
malian  material.  Cells  having  the  characteristics  of  “kionoblasts”  (Symons, 
Brit.  D.  J.  98:  273,  1955)  were  observed  among  the  ameloblasts.  The  nuclei  of 
these  cells  were  often  situated  in  the  stratum  intermedium  with  their  narrow 
elongated  cell  bodies  passing  through  the  entire  width  of  the  ameloblast  layer. 
These  cells  are  connected,  by  means  of  cytoplasmic  processes,  with  the  cells 
of  the  stratum  intermedium.  Intermediate  stages  in  the  histogenesis  of  this 
type  of  cell  were  identified  when  the  internal  enamel  epithelium,  from  the 
morphogenetic  stage  up  to  the  stage  of  enamel  matrix  production,  was 
examined.  It  is  suggested,  therefore,  that  the  cells  called  kionoblasts  by  other 
workers  may  have  their  origin  in  the  stratum  intermedium. 

15.  X-RAY  Investigations  of  Developing  Dental  Enamel.  H.  S.  M.  Crdbh 
and  A.  I.  Darling,  Dental  School,  University  of  Bristol.  The  characteristic  radia¬ 
tion  of  copper  has  been  used  to  examine  thin  ground  sections  of  developing 
dental  enamel  to  show  the  pattern  of  calcification.  By  the  use  of  aluminum 
penetrometer  wedges  a  quantitative  assessment  of  calcification  can  be  made. 
In  preliminary  investigations  of  a  number  of  deciduous  incisor  and  molar 
teeth  from  full-term  human  fetuses,  it  has  been  found  that  a  marked  band  of 
radiopaeity  can  be  shown  in  the  enamel  close  to  the  amelodentinal  junction. 
This  band  s^^ems  to  be  formed  before  the  full  adult  thickness  of  the  enamel  has 
been  attained.  Calculations  so  far  based  on  a  visual  estimation  of  compari,  live 
radiopacities  of  penetrometer  wedges  and  tooth  sections  suggest  that  this  band 
of  radiopaeity  at  the  amelodentinal  junction  represents  calcification  of  the 
order  of  70  per  cent  by  volume,  while  the  outer  enamel  at  this  stage  appears 
to  show  a  diminishing  degree  of  calcification  from  within  outward.  In  an 
examination  of  ground  sections  of  an  unerupted  second  molar  of  a  gibbon, 
differences  in  radiopaeity  related  to  the  striae  of  Retzius  have  been  found  in 
the  outer  third  of  the  enamel. 

16.  The  Effect  of  Vitamin  A  on  the  Growth  of  Tooth  Germs  in  Tis¬ 
sue  Culture.  May  Mellanhy  and  P.  J.  Holloway,  Nutrition  Building,  National 
Institute  for  Medical  Research,  London.  Pairs  of  lower  first  molar  tooth  germs 
from  17  to  18-day  embryo  rats  were  cultured  on  cock  plasma  clots  using  the 


Volume  35  INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH  Qfil 

Number  6 

method  described  by  Fell  and  Mellanby  (J.  Physiol.  116:  320,  1952)  for  embry¬ 
onic  bones.  One  from  each  pair  was  explanted  on  control  medium,  and  the 
other,  the  same  medium  to  which  sufficient  vitamin  A  had  been  added  to  raise 
the  concentration  to  about  1,350  i.u.  per  100  ml.  Germs  cultured  on  hyper  A 
clots  grew  much  more  slowly  than  the  control  germs,  and  although  after  four 
days’  cultivation  some  sign  of  cusp  formation  was  present,  after  fourteen 
days  this  was  no  longer  apparent.  The  controls  were  normal  in  shape  but 
cusp  formation  was  retarded  at  all  the  stages  examined.  Histologic  sections 
showed  that  the  control  germs  cultured  for  14  days  had  reached  a  stage  that 
would  have  been  attained  after  5  to  6  days  in  vivo.  From  the  early  bell  stage 
they  became  fully  differentiated  germs  with  some  tubular  dentin  matrix. 
Germs  grown  on  the  hyper  A  medium  for  14  days  appeared  healthy  but  showed 
relatively  little  differentiation,  especially  in  the  enamel  organs.  The  stellate 
reticulum  present  on  the  fourth  day  of  culture  was  often  missing  altogether 
by  the  fourteenth  day.  The  ameloblasts  were  cubical  or  oval,  and  their  nuclei 
had  failed  to  migrate  to  the  distal  poles  of  the  cells  in  contrast  to  those  of  the 
control  germs.  Vitamin  A  appears  to  exert  a  direct  action  upon  the  develop¬ 
ing  tooth  germ,  the  tissues  most  affected  being  those  of  epithelial  origin. 

17.  Experiments  on  the  Calcification  of  Teeth.  Shirley  Glasstone 
Hughes,  Department  of  Anatomy,  University  of  Cambridge.  Experiments  on  the 
calcifiability  of  dentin  caps  have  been  made  with  a  view  to  studying  the 
ground  substance.  The  caps  have  been  digested  with  testicular  hyaluronidase, 
and  then  immersed  in  calcifying  solutions.  Calcifiability  is  unchanged  after 
this  preliminary  treatment  although  the  metachromasia  of  the  dentin  matrix 
is  thereby  reduced.  These  experiments  suggest  that  the  mucopolysaccharide 
material  thus  removed  plays  no  important  role  in  calcification.  Further  ex¬ 
periments  have  suggested,  however,  that  some  acidic  substance  in  the  dentin 
matrix  plays  a  part  in  calcification,  for  the  addition  of  protamine  sulphate  to 
a  calcifying  solution  greatly  reduces  its  effectiveness.  In  this  experiment 
protamine,  which  is  strongly  basic,  competes  with  the  calcium  for  the  acidic 
substance  of  the  dentin  matrix.  Again  preliminary  digestion  with  hyaluroni- 
dasc  does  not  affect  the  course  of  this  experiment. 

18.  A  Method  for  the  Demonstration  of  Diffusion  Pathways  in  Enamel, 
Dentin,  and  Cementum  in  the  Intact  Tooth.  G.  C.  Blake,  Department  of 
Dental  Pathology,  Institute  of  Dental  Surgery,  University  of  London.  For  the 
demonstration  of  diffusion  pathways  in  cementum,  dentin  and  enamel  silver 
nitrate  impregnation  has  proved  difficult  to  control  and  unpredictable  in  its 
results,  while  stains  generally  give  a  weak  coloration  and  stand  acid  decalcifi¬ 
cation  poorly.  The  method  described  below  has  been  used  to  trace  movements 
of  an  inorganic  ion  (Hg)  in  the  dental  tissues  and  has  proved  an  effective  way 
of  demonstrating  tubules  and  lateral  branches  in  dentin,  lacunae,  and  canaliculi 
in  cementum,  and  lamellae  and  tufts  in  enamel.  The  method  has  also  assisted 
in  the  investigation  of  changes  in  enamel  and  dentin  due  to  caries.  Unde¬ 
calcified  teeth,  either  formalin -fixed  or  fresh,  are  immersed  in  5  per  cent 
mercuric  chloride  for  2  to  12  weeks,  according  to  the  degree  of  penetration  re¬ 
quired.  Mercuric  ions  are  then  fixed  in  the  tooth  substance  as  black  mercuric 
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sulphide  by  immersion  in  ammonium  sulphide.  After  precipitation  of  the 
mercuric  sulphide,  ground  sections  may  be  prepared  or  the  specimen  may  be 
decalcified  and  paraffin  sections  cut :  these  may  be  stained  by  any  of  the  usual 
histologic  technics.  The  advantages  of  the  method  are  the  ease  with  which 
it  may  be  controlled,  the  density  of  the  impregnation,  and  its  resistance  to 
acids  used  for  decalcification.  This  makes  it  possible  to  see  fine  detail  in  im¬ 
pregnated  areas  in  paraffin  sections  of  normal  thickness  and  to  apply  the  usual 
histologic  staining  technics. 

19.  Preparation  of  Ultrathin  Sections  of  Calcified  Tissues  by  Means 
OF  A  Diamond  Knife.  R.  W.  Fearnhead,  Department  of  DenW  Histology,  Lon¬ 
don  Hospital  Medical  College.  Diamond  knives  were  used  to  cut  ultrathin  (500 
to  200  A)  sections  of  calcified  dental  tissues.  Two  diamond  wedge  knives,  both 
with  an  edge  angle  of  70  degrees  and  a  blade  length  of  4  mm.  were  prepared 
from  African  white  diamonds  by  Drs.  P.  Grodzinski  and  J.  H.  P.  Custers  of  the 
Research  Department  of  Industrial  Distributors,  Ltd.  The  knives  were  mounted 
on  a  microtome  especially  built  for  the  purpose,  the  most  important  feature  of 
which  is  a  thick  steel  bar  mounted  in  accurately  turned  bearings.  The  specimen 
embedded  in  methyl  methacrylate  is  held  firmly  in  a  small  metal  holder  fixed 
eccentrically  in  a  chuck  at  one  end  of  the  steel  bar,  which  is  rotated  by  a  frac¬ 
tional  horse-power  electric  motor.  When  the  specimen  is  set  in  motion,  a  small 
electric  heater  in  contact  with  the  steel  bar  supplies  sufficient  heat  to  cause 
slight  expansion  of  the  steel,  which  slowly  advances  the  specimen  towards  the 
knife.  By  revolving  the  specimen  at  controlled  speeds  the  section  thickness 
can  be  varied. 

20.  The  Uptake  and  Retention  of  Fluoride  by  Enamel  and  Dentin. 
S.  A.  Leach,  M.  R.  C.  Research  Student,  Turner  Dental  School,  Manchester. 
Powdered  enamel  and  dentin  take  up  fluoride  rapidly  from  solutions  of  sodium 
fluoride  (50  per  cent  of  the  uptake  occurs  in  15  minutes’  shaking) ;  this  uptake 
is  not  greatly  influenced  by  a  concentration  of  sodium  fluoride  greater  than 
1  per  cent.  Simultaneously  with  the  uptake  of  fluoride  there  is  release  of 
phosphate  at  a  concentration  less  than  the  stoichiometric  equivalent  of  fluoride 
adsorbed.  In  a  saturated  solution  of  sodium  fluoride  (4  per  cent  NaF)  1  per 
cent  suspension  of  enamel  and  dentin  take  up  1.57  per  cent  and  1.80  per  cent 
of  the  available  fluoride,  respectively.  This  is  equivalent  to  a  concentration  of 
2.8  per  cent  of  fluoride  in  the  enamel  and  3.2  per  cent  of  fluoride  in  the  dentin. 
Over  50  per  cent  of  the  adsorbed  fluoride  is  released  from  the  enamel  or  dentin 
by  shaking  in  successive  washings  of  water,  less  fluoride  being  liberated  at 
each  successive  washing  until  a  level  is  reached  where  the  fluoride  is  continu¬ 
ally  liberated  at  a  concentration  of  0.5  p.p.m.  This  concentration  of  0.5  p.p.m. 
is  not  sufficient  to  affect  the  carbohydrate  metabolism  of  Staphylococcus 
aureus,  Streptococcus  viridans,  Lactobacillus  acidophilus,  and  Bacterium  coli; 
however,  the  fluoride  remaining  in  the  enamel  and  dentin  can  reduce  their 
solubility  in  acid. 
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21.  Skeletal  Distribution  of  Fluorine.  S.  M.  Weidmann,  Biological  Re¬ 
search  Unit,  School  of  Dentistry,  University  of  Leeds.  Young  and  adult  rabbits 
were  kept  for  various  lengths  of  time  on  water  containing  comparatively  high 
concentrations  of  fluorine.  The  uptake  of  fluorine  was  measured  in  the  roots 
and  crowns  of  molars  and  incisors,  in  cortical  and  cancellous  parts  of  long 
bones,  and  in  the  alveolar  bone.  Differential  uptake  of  fluorine  was  also  esti¬ 
mated  in  bone-powder  samples  obtained  from  the  endosteal  and  periosteal 
areas  of  the  shaft  diaphysis.  The  rate  of  fluorine  uptake  varies  according  to 
age,  area,  and  type  of  the  hard  tissue. 

22.  Microradiographic  Studies  of  the  Organic  Matrices  of  Dentine  and 
Enamel.  R.  C.  Greulich,  Institute  for  Physical  Cell  Research,  Karolinska  In- 
stitutet,  Stockholm.  The  amount  of  absorption  from  a  polychromatic  x-ray 
spectrum  is  a  function  of  the  dry  mass  of  the  absorber.  This  fundamental 
relationship  has  been  applied  to  mass  distribution  studies  of  organic  materials 
in  histologic  sections  of  decalcified  teeth.  A  special  x-ray  apparatus  has  been 
constructed  which  includes  a  high-vacuum  sample  chamber  and  a  1,000  A 
aluminum  window.  In  the  range  of  voltages  applied  routinely,  approximately 
30  per  cent  of  the  radiation  is  of  50  A  wave  length.  Formalin-fixed  jaws  from 
young  rats,  decalcified  in  EDTA  (tetrasodium  salt)  buffered  to  pH  7.4,  were 
sectioned  in  paraffin  at  2  to  5  microns.  Sections  were  mounted  directly  on  the 
surface  of  Eastman  Kodak  Spectroscopic  Plates  (No.  649),  and  w^ere  then 
deparaflfinized  in  chloroform.  Exposure  to  x-irradiation  followed  at  energies 
ranging  from  1.2  to  1.8  kV,  exposure  time  and  energy  applied  being  dependent 
upon  the  section  thickness.  The  resultant  natural-sized  microradiograms 
possessed  such  high  resolution  that  they  could  be  examined  in  the  light  micro¬ 
scope  at  magnifications  up  to  1,000  diameters.  Examination  of  micro  radio¬ 
grams  of  incisors  and  molars  has  revealed  several  features  of  mass  distribu¬ 
tion  which  cannot  be  seen  in  histologic  preparations.  These  inclpde  the  pres¬ 
ence  of  a  membrane  of  relatively  high  mass  approximately  1  micron  in  thick¬ 
ness  lying  between  the  ameloblasts  and  the  completed  enamel  matrix ;  a  num¬ 
ber  of  dilatations  along  the  length  of  dentinal  tubules  possessing  veiy  low 
mass;  and  an  extremely  low  mass  of  organic  materials  in  areas  of  pre-enamel 
and  predentin. 

23.  The  Relationship  Between  Chewing  and  the  Secretory  Activity 
OF  THE  Human  Parotid  Gland.  A.  C.  Kerr,  Department  of  Dental  Medicine, 
Guy’s  Hospital,  University  of  London.  The  reflex  response  of  parotid  glands  to 
the  chewing  of  paraffin  wax  was  studied  in  6  individuals.  Secretion  was  col¬ 
lected  by  cannulae  retained  in  the  parotid  ducts  by  suction.  Secretion 
rates  were  measured  by  an  integrating  flow  meter.  When  chewing  was  uni¬ 
lateral  the  output  of  the  ipsilateral  gland  was  markedly  increased.  The  con¬ 
tralateral  gland  was  only  slightly  stimulated.  Because  of  this  all  stimulus 
response  effects  were  studied  unilaterally.  Outputs  at  ehewdng  rates  between 
40  and  90  strokes  each  minute  were  not  appreciably  different.  Below  40 
strokes  per  minute  the  secretion  rate  was  lower.  Above  90  strokes  per  minute 
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fatigue  quickly  developed  and,  although  a  slightly  higher  output  was  re¬ 
corded  for  a  minute  or  so,  this  could  not  be  sustained.  The  chewing  of  2g. 
pieces  of  wax  of  different  melting  points  showed  that  the  secretory  response 
increased  with  the  melting  point.  Wax  melting  at  56°  C.  provoked  about  50 
per  cent  more  secretion  than  wax  melting  at  39°  C.  When  pieces  of  wax 
varying  in  size  from  0.02  to  2g.  were  chewed  the  secretory  response  was 
linearly  related  to  the  logarithm  of  the  weight  of  the  wax  bolus.  Chewing  on 
imaginary  pieces  of  wax  produced  no  increase  above  the  basal  rates.  The 
secretory  response  of  the  parotids  to  wax  chewing  thus  depends  upon  the  size 
of  the  i)iece  of  wax  chewed,  upon  its  plasticity,  and  upon  the  pattern  of  chew¬ 
ing  with  regard  to  the  side  of  the  mouth  used.  The  output  is  not  much 
affected  by  rates  of  chewing  so  long  as  they  are  within  physiologic  limits. 

24.  Studies  on  the  pII  of  Plaque  in  Interproximal  Areas  After  Eating 
Sweets  and  Starchy  Foods.  G.  N.  Jenkins  and  I.  Kleinherg,  Department  of 
Physiology,  King’s  College,  Newcastle-upon-Tyne.  The  studies  of  Stephan 
{J.  A.  D.  A.,  27:  718,  1940;  and  elsewhere)  on  the  fall  of  pH  in  the  plaque  on 
the  surfaces  of  teeth  after  glucose  rinses  have  been  extended.  A  modified 
type  of  antimony  electrode  has  been  used  which  reaches  well  into  interproxi¬ 
mal  areas,  and  is  shaped  so  that  the  same  area  is  reached  each  time  it  is  placed 
in  position.  Stephan’s  results,  with  10  per  cent  sugar  solutions,  were  con¬ 
firmed  for  interproximal  areas.  The  pH  of  interproximal  areas  has  been 
studied  during  and  following  the  sucking  of  sweets  and  the  eating  of  starchy 
foods  under  reasonably  normal  conditions.  Measurements  of  salivary  pH 
have  also  been  made  and  the  role  of  salivary  pH  in  controlling  that  of  the 
plaque  has  been  assessed.  The  results,  as  a  whole,  tentatively  suggest  that 
during  the  consumption  of  these  foods  the  pH  drop  is  slow  and  the  minimum 
pH  is  reached  only  after  eating  is  finished.  This  delay  in  the  pH  drop  is 
thought  to  be  partly  caused  by  the  rise  in  pH  of  the  saliva  which  occurs  during 
the  increased  rate  of  flow  resulting  from  the  stimulus  of  eating.  In  addition, 
with  sweets,  the  sugar  in  the  mouth  may  reach  sufficiently  high  concentrations 
to  inhibit  bacterial  acid  production.  In  subjects  whose  interproximal  spaces 
retained  bread  after  eating,  the  pH  remained  at  a  low  level  for  a  considerably 
longer  time  than  in  the  classical  Stephan  curve,  if  the  bread  was  not  re¬ 
tained  in  a  particular  area,  the  pH  drop  was  almost  negligible. 

i 

25.  The  Isolation  and  Classification  of  Lactobacillus  Species  From 
Human  Saliva.  G.  H.  G.  Davis,  A.  C.  Hayward,  and  K.  A.  Bisset,  Department 
of  Bacteriology,  University  of  Birmingham.  The  spectrum  of  Lactobacillus 
species  found  in  66  Italian  saliva  samples  collected  in  Rome  was  similar  to  those 
reported  for  American,  Scandinavian,  and  English  salivas.  Of  368  strains  iso¬ 
lated,  357  w'ere  classified  into  the  following  species:  Lactobacillus  casei,  Lacto¬ 
bacillus  plantarum,  Lactobacillus  salivarius  (Rogosa  and  associates,  J.  Bact.  65: 
681,  1953),  Lactobacillus  acidophilus,  Lactobacillus  fermenti,  Lactobacillus  bre¬ 
vis,  and  Lactobacillus  buchneri.  The  classification  system  used  w'as  a  simplified 
version  of  Davis’  {J.  Gen.  Microbiol.  13:  481,  1955).  The  most  commonly 
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occurring  Lactobacilli  were  of  the  Lactobacillus  casei,  Lactobacillus  acidophilus, 
and  Lactobacillus  fermenti  types.  Strains  of  Lactobacillus  brevis  were  of  2 
distinct  types,  one  being  the  common  saprophytic  Lactobacillus  brevis  of  cheese, 
silage,  etc.,  and  the  other,  which  occurred  more  regularly  in  the  mouth,  being 
apparently  truly  parasitic  and  thus  resembling  Lactobacillus  acidophilus. 
Strains  of  all  the  other  5  species  occur  in  nonoral  sites.  The  incidence  of  Lacto¬ 
bacillus  acidophilus,  Lactobacillus  brevis,  and  Lactobacillus  buchneri  was  sig¬ 
nificantly  greater  in  samples  after  96-hour  enrichment  culture  in  T.  J.  broth  than 
in  the  same  samples  after  only  24  hours,  emphasizing  the  importance  of  adequate 
technics  in  surveys  of  this  type.  Five  samples  jnelded  strains  of  Leuconostoc, 
an  organism  not  previously  recorded  from  saliva.  Of  19  salivas  from  caries- 
free  mouths,  7  were  apparently  devoid  of  Lactobacilli.  Seven  of  the  47  carious 
salivas  also  jdelded  no  Lactobacilli.  The  relatively  high  proportion  of  Lacto¬ 
bacillus  negative  samples  in  the  caries-free  group  is  an  interesting  feature  of 
these  results. 

26.  Technic  for  Studying  the  Change.s  in  the  Flora  of  Extracted 
Teeth  When  Irrigated  Continuously  with  a  Nonnutrient  ^Iedium.  R.  L. 
Hartles  and  B.  J.  Wagg,  Department  of  Dental  Biochemistry,  School  of  Dental 
Surgery,  University  of  Liverpool.  An  apparatus  has  been  designed  for  study¬ 
ing  the  changes  in  the  flora  of  an  extracted  tooth  in  vitro  during  continuous 
slow  irrigation  with  Krebs-Ringer  saline.  The  apparatus  is  constructed  in  glass 
and  consists  of  a  tube  in  which  the  tooth  with  the  crown  uppermost  rests  on  a 
constriction.  The  irrigating  fluid  is  contained  in  a  side-arm  reservoir  and 
jiasses  over  the  tooth  via  a  plug  of  asbestos  and  a  string  wick.  The  fluid  then 
collects  in  the  base  of  the  tube.  The  rate  of  flow  varies  between  2  to  5  ml.  per 
24  hours.  A  syphon  tube  sealed  into  the  base  provides  a  means  of  emptying 
the  solution  after  irrigation  without  disturbing  or  contaminating  the  tooth. 
Experiments  performed  on  a  small  series  of  extracted  teeth  irrigated  with  the 
saline  for  6  to  8  weeks  indicated  that  the  majority  of  oral  microorganisms  rapidly 
die  under  these  conditions.  In  general,  no  organisms  could  lie  cultivated  fi*om 
clinically  sound  teeth.  Lactobacilli  were  frequently  isolated  from  teeth  with 
early  carious  lesions.  A  mixed  flora  of  yeasts  and  Staphyloc(M?ci  was  obtained 
from  grossly  carious  teeth  and  from  those  with  appreciable  amounts  of  adherent 
I)(*riodontal  debris.  None  of  the  teeth  yielded  Streptoc(K*ci,  even  after  only  3 
to  5  days'  irrigation.  All  the  Lactobacilli  isolated  belonged  to  the  casei- 
plantarum  group.  Observations  suggested  that  in  a  few  of  the  teeth  there  was 
some  increase  in  the  size  of  the  carious  lesions  during  the  6-  to  8-week  period 
of  irrigation. 

27.  Boric  Acid  as  a  Histochemical  Blik’king  Reagent.  P.  U.  Staple, 
M.  R.  C.  External  Staff,  University  College  Hospital  Medical  School,  Dental  De¬ 
partment,  London.  Histochemical  reactions  of  polysaccharides  (Staple,  Nature, 
Land.  176:  1125,  1955)  are  being  further  studied  to  see  whether  the  formation 
of  boric  acid  complexes  resistant  to  oxidation  by  lead  tetracetate  is  influenced: 
(a)  within  individual  .sugar  radicles  by  the  nature  of  groups  adjacent  to  the 
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reactive  hydroxyls;  and  (b)  by  the  arrangement  of  the  reactive  sugar  radicles 
within  the  polysaccharide  chain(s).  Besides  the  galactogen  and  glycogen 
originally  studied,  ivory  nut  mannan  and  alginic  acid  have  been  incorporated 
in  gelatin  films.  After  oxidation,  such  preparations  have  been  stained  with 
benzidine  or  ethanolic  Schiff’s  reagent.  Boric  acid  blocks  the  oxidation  of  all 
the  polysaccharides  studied.  Whereas  this  might  be  expected  for  those  con¬ 
taining  reactive  adjacent  cis-hydroxyls  (Boeseken,  Adv.  Carbohydrate  Chem. 
4:  189,  1949),  the  reaction  of  glycogen,  apparently  anomalous,  may  be  similar 
to  that  reported  by  Foster,  Xewton-Hearn,  and  Stacey  (,/.  Chem.  Soc.,  p.  30, 
1956).  Contrary  to  Glegg,  Clermont,  and  Leblond  {Stain  Technol.  27:  277, 
1952),  glycogen  in  liver  sections  and  films,  after  treatment  with  lead  tet- 
raeetate  at  room  temperature,  does  stain  with  Schiff’s  reagent,  provided  the 
latter  is  made  up  in  ethanolic  solution.  Sections  of  the  albumin  gland  of 
Helix  pomatia  react  similarly  to  films  of  purified  galactogen  extracted  from 
albumin  glands.  These  findings  are  relevant  to  the  elucidation  of  the  action 
of  “pectinase”  on  gingival  tissue. 

PAPERS  READ  BY  TITLE 

28.  Ob.serv.\tion's  on  the  Inhibition  of  Saliv.vry  Glycolysis.  R.  L. 
Hurtles,  Department  of  Dental  Biochemistry,  School  of  Dental  Surgery,  Uni¬ 
versity  of  Liverpool.  Manometric  metho<is  were  used  to  determine  the  effect  of 
4  inhibitors  on  salivary  glycolysis.  The  substances  were  sodium  ricinoleate  (I), 
siKlium  lauryl  .sulphate  (II),  sotlium  N-lauryl  sarcosinate  (III),  and  sodium 
potas-sium  copper  chlorophyllin  (IV).  Alt  were  added  in  a  concentration  of 
67  p.p.m.  The  effect  on  glycolysis  was  observe<l  first,  when  the  inhibitor  was 
added  to  the  saliva  Ixd'ore  the  addition  of  glucose,  and  secondly,  when  added 
after  the  addition  of  the  .sugar.  The  ])ercentage  inhibitions  were  as  follows: 
(I)  57,  11;  (11)  75,  18;  (111)  10,0;  (IV)  76,  77.  With  the  exception  of  IV  the 
inhibition  of  glycolysis  was  much  less  when  the  inhibitor  was  added  after  the 
glucose.  In  a  samide  of  whole  saliva,  therefore,  a  given  concentration  of  in¬ 
hibitors  I,  II,  or  III  is  more  effective  when  added  before  the  substrate  than  when 
addwl  to  the  actively  glycolysing  saliva.  In  IV  the  degrees  of  inhibition  is  un¬ 
changed. 

29.  Thl  C.vrbohyurate  Content  of  Human  Dental  Enamel.  .1/.  V.  Stack, 
M.R.C,  (External)  Staff,  Den,tal  School,  University  of  Bristol.  Levels  of  carbo¬ 
hydrate  in  the  outermost  region  of  thoroughly  cleaned  enamel  were  found  to 
be  at  least  10  times  those  of  the  main  body  of  enamel.  This  layer  was  ground 
off  in  order  to  determine  the  range  in  carbohydrate  content  of  representative 
enamel.  Sanijiles  were  prepared  by  flotation  from  30  permanent  and  20 
permanent  teeth,  15  +  5  (S.D.)  mg.  per  cent,  was  not  significantly  different 
carbohydrate,  which  reacted  as  glucose,  were  shown  by  analyses  with  solutions 
of  orcinol  or  of  anthrone  in  70  per  cent  sulphuric  acid.  The  mean  value  for 
permanent  teeth,  15  ±  5  (S.D.)  mg.  per  cent,  was  not  signihcantly  different 
from  that  for  deciduous  teeth  ( 16  ±  5  mg.  jier  cent).  Enamel  from  permanent 
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molars  was  found  to  contain  two-thirds  as  much  carbohydrate  as  that  from 
other  types  of  permanent  teeth.  This  observation  was  supported  by  tests  on 
pairs  of  teeth  from  5  patients,  and  w'as  thought  to  depend  on  the  smaller 
surface  :volume  ratio  of  molar  teeth,  and  on  the  greater  proportion  of  carbo¬ 
hydrate  in  the  outer  region  of  the  enamel.  Correlations  were  not  observed 
between  carbohydrate  levels  and  age  or  caries  experience.  The  carbohydrate 
content  of  the  enamel  from  5  pairs  of  teeth  from  1  individual  w’as  15  ±  2  mg. 
per  cent.  Samples  of  developing  enamel  in  which  the  organic  contents  were 
10,  20,  and  40  times  the  level  in  mature  enamel  were  found  to  contain  7,  10, 
and  13  times  as  much  carbohydrate,  respectively.  Pooled  “chalky”  enamel, 
in  w'hich  had  been  found  3  to  4  times  as  much  organic  matter  as  normal  enamel 
(Stack,  Brit.  D.  J.d6:  73,  1954),  showed  a  carbohydrate  level  12  times  greater 
than  normal. 

30.  The  Enzymatic  Activity  of  Radiated  Exteriorized  Sauvary  Glands. 
J.  A.  English,  Naval  Medical  Research  Institute,  Bethesda  14,  Maryland.  It  was 
previously  determined  that  when  salivary  glands  of  rats  were  radiated  in 
situ  with  3  to  5000  r.  of  200  Kv.  x-ray  there  was  a  significant  increase  in 
specific  activity  of  the  glucose-6-phosphate  and  isocitrie  dehydrogenases.  At 
the  same  time  it  was  observed  that  there  w’ere  other  more  general  effects  from 
this  localized  radiation.  The  present  study  was  designed  to  determine  w'hat 
effect  radiation  (2,000  r.)  would  have  upon  the  enzyme  systems  of  exteriorized 
salivary  glands  of  rats  under  conditions  wherein  the  rest  of  the  animal  was 
completely  shielded.  Under  these  conditions  we  observed  no  general  effects 
upon  the  animals,  and  even  the  w'oights  of  the  radiated  salivary  glands  w'cre 
not  significantly  altered,  whereas  in  the  previous  study  this  w’as  not  the  ease. 
The  values  for  glucose-6-phosphate  dehydrogenase  were  higher  for  radiated 
salivary  glands  in  17  out  of  18  groups  of  animals,  the  average  values  in 
arbitrary  units  being  3,36  ±  0.71  for  the  nonradiated  glands  and  3.83  ±  0.67 
for  the  radiated  glands  when  all  groups  of  rats  were  considered  (probability 
0.05).  During  the  second  week  following  radiation,  the  increase  in  activity 
of  this  enzyme  w^as  greater,  the  values  being  3.04  ±  0.48  and  3.80  ±  0.42, 
respectively  (probability  0.01),  There  was  not  a  significant  change  in  isocitrie 
dehydrogenase  following  radiation  of  the  exteriorized  salivary  glands. 
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1.  An  Anthropologic  Study  of  Dental  Anomalies.  Meyer  Klatsky,  New 
York.  This  study  is  based  on  the  examination  of  8,328  human  skulls  of  various 
ethnic  stocks  of  ancient,  primitive,  and  modern  peoples.  Twenty-five  geo¬ 
graphically  arranged  groups  were  investigated  in  the  Department  of  Anthro¬ 
pology  of  the  American  Museum  of  Natural  History,  New  York.  The  incidence 
of  6  different  dental  anomalies  was  studied:  torus  palatinus,  torus  mandibu- 
laris,  supernumerary  teeth,  genetically  missing  teeth,  reduced  teeth,  and  im¬ 
pacted  teeth.  The  number,  location,  and  character  of  each  one  of  these 
anomalies  was  observed  and  recorded.  Following  are  the  results:  Torus 
palatinus  was  found  in  18  of  the  geographic  groups  examined,  totalling  482 
cases.  A  particularly  large  number  of  cases  with  this  anomaly  was  found 
among  the  German,  Austrian,  and  Hungarian  groups,  and  also  among  several 
of  the  American  Indian  collections,  and  the  Eskimos.  Torus  mandibularis 
was  noted  in  11  groups,  totalling  89  cases.  The  occurrence  of  this  anomaly 
seems  to  be  limited  to  some  American  Indian  tribes,  Eskimos,  and  Aleutian 
Islanders.  Supernumerary  teeth  were  found  in  1  *■  groups,  totalling  41  teeth. 
Genetically  missing  teeth  were  found  in  all  the  25  groups,  totalling  947  teeth. 
Reduced  teeth  were  found  in  20  groups,  totalling  129  teeth.  Impacted  teeth 
were  found  in  19  group.s,  totalling  157  teeth. 

2.  CuNicAL  Evaluation  of  High  Speed  Rotating  Instruments.  Chester 
J.  Henschel,  Sydenham  Hospital,  New  York.  Instrument  surface  speed  of  5,000 
feet  per  minute  or  more  is  required  and  is  demonstrable  in  vitro  for  maximum 
cutting  efficiency.  To  reach  this,  a  %  inch  disc  must  attain  nearly  30,000  r.p.m. 
and  a  Vie  inch  diameter  bur  or  stone  about  300,000  r.p.m.  Definition  of  high 
speed  must  be  based  on  surface  speed  of  each  instrument;  engine  speed  is  irrele¬ 
vant.  At  these  speeds  coolants  and  lubricants  at  site  of  cutting  are  mandatory. 
Vernier  control  of  these,  and  improvement  in  bearings,  power  transmission,  and 
motors  is  imperative.  Increased  care  of  all  moving  parts  is  necessary  to  avoid 
frequent  breakdown.  Total  time  required  to  eut  tooth  in  vivo  may  be  short¬ 
ened,  but  time  saved  is  percentage  of  about  10  per  cent  of  operating  day  when 
dental  engine  runs.  Digital  pressure  may  be  greatly  reduced,  tactile  sense 
generally  enhanced,  amplitude  of  vibration  lowered,  fear  and  pain  lessened, 
and  smaller-diameter,  delicate,  and  adaptable  instruments  made  efficient.  Be¬ 
cause  of  unrefined  available  coolant  apparatus,  limitations  of  sleeve  and  ball- 
type  bearings,  danger  from  too  rapid  cutting,  and  loss  of  “feel”  at  fractional 
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ounce  pressures,  less  than  maximum  surface  speed  may  be  desirable.  Present 
technic  accepts  as  little  as  50  feet  per  minute  using  i*^eh  stones,  so  any 
marked  speed-up  is  dramatic  improvement.  Humane  and  practical  considera¬ 
tions  impel  the  use  of  improved,  more  rapid,  but  less  than  maximum  cutting 
efficiency  in  vivo. 

3.  Proportionate  Relevance  of  Factors  in  Human  Caries.  If.  H.  Neu¬ 
mann  and  N.  A.  DiSalvo,  School  of  Dental  and  Oral  Surgery,  Columbia  Univer¬ 
sity.  A  study  of  caries  prevalence  in  aboriginal  tribes  of  the  western  hemisphere 
led  to  similar  conclusions  as  previous  observations  in  other  areas;  that  the 
different  known  caries  factors  are  greatly  varying  in  the  degree  of  their  in¬ 
fluence  on  caries  prevalence.  Assessing  in  addition  to  our  findings  also  reports 
in  the  literature  these  factors  may  be  grouped  as  follows:  (1)  marginal  in¬ 
fluences  on  caries  prevalence  (at  a  ratio  of  1  to  1.5  or  less),  which  factors 
include  race,  climate,  nutritional  balance,  hormonal  balance,  oral  hygiene; 
(2)  the  fluorine  level  in  the  drinking  water,  influencing  caries  prevalence  at  a 
rate  of  about  1  to  2;  (3)  the  effect  of  “natural”  versus  “refined”  diets,  in¬ 
fluencing  the  caries  prevalence  at  a  ratio  of  1  to  100.  We  encountered  tribes 
with  an  average  DMF  of  0.1  in  adults,  living  on  unbalanced  diets,  deficient  in 
nutritional  essentials,  including  calcium  and  proteins,  high  in  carbohydrates,  in 
some  areas  even  simple  sugars,  with  no  knowledge  of  oral  hygiene  and  on  a 
water  supply  very  low  in  fluorides.  No  racial  immunity  is  at  play  as  members 
of  the  same  tribes  are  subject  to  rampant  decay  if  they  adopt  a  modem  diet. 
The  difference  between  “natural”  and  “refined”  diets  may  be  in  the  much 
emphasized  destructive  properties  of  the  latter,  in  a  protective  agent  common 
to  natural  diets,  or  likely  in  combination  of  l)oth.  The  sole  common  denomi¬ 
nator  in  the  widely  varying  “natural”  diets  was  a  biophysical  nature:  the  load 
applied  on  the  teeth.  Its  suspected  influence  is  not  through  a  cleansing  action 
but  through  a  phenomenon  w'ell  known  in  physics  and  biology;  the  effect  of 
intermittent  loads  on  structures  and  crystal  orientation,  viz.,  on  postemptive 
enamel  maturation. 

4.  The  Roi^  of  the  Stratum  Intermedium  in  Tooth  Development. 
Percy  L.  Johnson  and  Gerrit  Bevelander,  New  York  University  College  of  Den¬ 
tistry,  and  The  Murry  and  Leonie  Guggenheim  Dental  Institute.  The  role  of 
the  stratum  intermedium  in  tooth  development  has  been  somewhat  obscure.  In 
a  study  of  pre-erupted  and  erupting  embryonic  pig  teeth,  it  was  found  that  the 
single-layered  stratum  intermedium  undergoes  rapid  proliferation  near  the 
erupting  cusp,  forming  a  multicellular  layer.  This  layer  subsequently,  during 
eruption,  establishes  linkage  with  the  oral  mucosa  through  its  active  growth 
across  the  intervening  connective  tissue.  While  this  is  occurring  the  degenerat¬ 
ing  ameloblasts  and  the  oral  epithelium,  destined  to  elaborate  the  enamel  cuticle, 
continue  occlusally  along  the  crown  of  the  tooth.  The  stratum  intermedium  in 
its  proliferation  elalxirates  intercellular  bridges  fusing  with  the  degenerating 
ameloblasts  which  likewise,  in  turn,  develop  intercellular  bridges,  all  forming  a 
complex,  laying  down  the  epithelial  attachment  of  the  tooth. 
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5.  In  Vitro  Calcification  of  Aorta  and  Other  Soft  Tissues.  Bertram 
Eichel,  Albert  E.  Sohel,  Martin  Burger,  and  Stanley  W.  Morgenstern,  Jewish 
Hospital  of  Brooklyn,  New  York.  Several  tissues  containing  both  collagen  and 
a  mucopolysaccharide  were  incubated  at  37°  C.  in  inorganic  solutions  em¬ 
ployed  for  calcification  in  vitro.  As  measured  by  silver  stain,  rat  tail  tendon, 
rat  and  rabbit  aortae  mineralized  in  vitro,  whereas  rat  nasal  septum  cartilage 
did  not.  The  study  of  the  aorta  was  expanded.  After  20  hours  of  calcification 
in  vitro,  the  silver  stained  rat  and  rabbit  aortae  are  characterized  in  the  cross 
section  by  a  light  black  ring  in  the  media.  In  the  rabbit,  this  stain  extends 
into  the  intima.  This  silver  staining  is  more  intensive  with  longer  periods  in 
the  calcifying  solutions.  Histopathologic  examinations  of  the  mineralized  rat 
aorta  resembles  the  medial  calcification  found  in  Monckeberg’s  disease,  with¬ 
out  the  accompanying  necrosis.  Chemical  analyses  showed  a  Ca/PO,  ratio 
of  about  2.0,  the  calcium  being  from  2  to  8  per  cent  of  the  dry  weight.  The 
Ca/PO,  ratios  resemble  those  approximately  found  in  normal  bone  and  teeth. 
These  findings  indicate  the  existence  of  a  system  present  in  the  aorta  that  is 
capable  of  mineralization  in  vitro  and  may  represent  a  clue  to  the  mineraliza¬ 
tion  of  the  aorta  occasionally  found  in  vivo. 

6.  The  Effect  of  Bone  Bank  Preservation  on  the  Calcifying  Mecha- 
Ni.sM.  Martin  Burger,  Leroy  S.  Lai'ine,  Albert  Hirschman,  and  Albert  E.  Sobel, 
Jewish  Hospital  of  Brooklyn  and  State  University  College  of  Medicine  at  New 
York  City.  To  test  the  influence  of  bone  bank  preservation  methods  on  the 
calcifying  mechanism,  calcification  in  vitro  of  rachitic  rat  cartilage  was  em¬ 
ployed.  It  was  found  that  the  present  methods  of  bone  storage  inactivate  the 
calcifying  mechanism.  This  inactivation  was  reversible  for  some  methods  of 
bone  preservation.  The  methods  studied  of  preserving  bone  were:  (1)  deep 
freeze,  (2)  aqueous  merthiolate,  and  (3)  the  boiled  bone  technic.  All  of 
these  methods  are  utilized  for  storing  bone  for  orthopedic  use.  When  pre¬ 
served  bone  was  placed  in  a  calcifjnng  medium,  new  mineralization  was  zero 
compared  to  controls  of  fresh  bone  which  showed  excellent  calcification.  How¬ 
ever,  when  preserved  bone  was  treated  with  a  calcium  chloride  solution,  the 
calcifying  mechanism  was  reactivated;  most  easily  in  deep  freeze  bone,  next, 
in  merthiolate  treated  bone,  and  least  in  boiled  bone.  This  effect  is  further 
corroborated  by  studies  of  metachromasia.  The  ealcifying  mechanism  survived 
in  those  bones  first  treated  with  calcium  chloride  solution  and  then  frozen. 
The  results  of  these  studies  indicate  that  the  value  of  stored  bone  may  be 
enhanced  by  proper  chemical  treatment;  this  fact  has  important  clinical  sig¬ 
nificance. 
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